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ABSTRACT
This dissertation investigates how social and natural elements of the Puerto Rican
food system intertwine in the aftermath of category four Hurricane Maria, and relate to
farmers’ adaptive capacity—access to assets and resources people have to navigate the
changing climate. The research utilizes a mixed-methods survey that was conducted in
2018 in collaboration with the Extension Service of the University of Puerto Rico. The
three article-based chapters use survey data from 405 farmer respondents to assess
adaptive capacity through three different approaches that balance individual and
structural dynamics in the context of disaster, where disruptions in livelihood activities
reflect vulnerability to hazards.
Chapter 1 explores adaptive capacity by assessing how farmers’ climate change
perceptions, in light of their experience with an extreme weather event, relate to the
adoption of agricultural adaptation strategies. This chapter uses the theory of the
psychological distance of climate change—how near or far people perceive climate
change to be from themselves in different dimensions, and its relationship to behaviors.
A structural equation model demonstrates that farmers generally believe in climate
change, and recognize its impacts to be both “close” and “far”. Despite this, climate and
adaptation perceptions are poorly linked to adoption of adaptation behaviors, indicating
that climate change belief is not a driver of behavior change. Instead, in places facing
constant climate shocks, other factors may be more important drivers of action.
Chapter 2 examines how both individual and societal structural attributes affect
adaptive capacity. It assesses farmers’ actual and intended adoption of adaptation
strategies, in light of the obstacles they faced towards recovery after the hurricane. This
chapter’s analysis uses a concurrent mixed-methods approach. Results show that
structural elements, such as governance, infrastructure, and social networks, in
comparison to individual attributes such as perceptions, demographics and farm
characteristics better explain adaptive capacity in the context of disaster. It also shows
that adoption of new practices or systems can be catalyzed by disasters, but that these
rely on broader structures of support to occur.
Chapter 3 expands its approach of adaptive capacity by exploring food security
outcomes of farmer households after the hurricane. It incorporates both farmer survey
data and biophysical data to examine how multiple social, political, agricultural, and
biophysical factors affected both short-term and longer-term food security. Results
demonstrate that 70% of farmers faced at least one month of food insecurity. Individual
risk factors, coupled with disruptions in the built and natural environment, affect food
security after an extreme weather event. Given that Puerto Rican farmers mostly farm for
commercial purposes, strengthening their adaptive capacity is key to safeguard their
livelihoods and local food security.
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PREFACE
My profound curiosity and interest to understand how interactions and
connections among different components and dynamics of the Puerto Rican food system,
from the individual to the structural levels, are the main drivers of this dissertation. I
accumulated many experiences through the years working in different sectors in Puerto
Rico: from fisheries to farms, to labs, classrooms, and governmental agencies. They
widened my eyes onto how the issues I was focusing on—whether seafood handling or
nutrition education—were being influenced to varying degrees by decisions, policies, and
historical legacies (of colonialism, vulnerability, and marginalization) that were out of the
control of the people I was working with. As an incipient researcher and practitioner in
food systems, I decided to pursue a PhD to expand my technical and epistemological
skillsets, to understand such dynamics.
That decision was also catalyzed by my upbringing in Juana Díaz, Puerto Rico. In
my grandmother’s house, between a cattle farm and our field next to the Guayo River, I
learned to value and respect our land for us to receive healing and nourishment. That
embeddedness in place provides me an embodied knowledge that informs my identity
and practices as a researcher. The approaches used in this dissertation reflect such
identities and lived experiences in a Caribbean archipelago that, “belongs to, but is not
part of, the United States.” My aim for this dissertation was to create a starting point to
better understand how different interactions and interconnections in our food system
influence outcomes for farmers. When I made my decision to pursue such connections, I
did not know that the aftermath of category four Hurricane Maria, the strongest to hit
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Puerto Rico in 89 years and the first to make direct landfall in 19 years, would end up
fully informing the approach of this dissertation.
I arrived in Vermont 29 days before Maria. My advisor, Meredith T. Niles, and
many other great friends in Vermont, helped me navigate that situation from afar. She
and I discussed potential ways to assist recovery efforts. That later became a
collaboration with the Extension Service of the University of Puerto Rico, one of the few
institutions supporting the recovery of our food system. A needs assessment became a
dataset with an 87% response rate that cements this dissertation. Of course, then I did not
have the ‘head’ I have now, and in retrospect, I would have done several things
differently. For example, I remember going through the paper surveys in the data entry
process, where several had all of the farm information questions blank. At the bottom of
the farm production table, where it said, “other”, there were fish species written. These
surveys were ignored by me, despite the fact that I did one of the only theses on
fisherfolks at the University of Puerto Rico, and that I’ve written about how we do not
consider the coast or ocean when we do food systems research. Why? This experience
was a learning experience.
Given the catastrophic nature of the aftermath of Maria, I decided to engage with
natural hazards’ literature, which questions the naturalness of a “natural disaster”.
Disasters are disruptions in the built and natural environments, which are lived
differently, and reflect persisting inequities and power imbalances that shape people’s
vulnerability to natural hazards. Incurring in that body of work led me to find the works
of Tania López-Marrero, a Puerto Rican geographer who used the concept of “adaptive
capacity” to study human-environmental interactions and vulnerability. From her studies,
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I learned of other Caribbean researchers and thinkers, such as Arlette Saint Ville, that
were contributing to a regional conversation on the matter—that also informed broader
literature on island systems.
Therefore, this dissertation studies how different components and dynamics of the
Puerto Rican food system interact and interconnect in relation to farmers’ adaptive
capacity—simply put, the resources people have available navigate uncertainty and
change. It uses “adaptive capacity” as an analytical framework, given its ability to assist
in contextualizing individual-focused data to the broader structural components of the
food system. This dissertation contributes to current conversations on the matter, and
does so by providing new information on farmers’ climate change adaptation decisionmaking and food security outcomes. To the best of my knowledge, the studies of this
dissertation are the first to explore these issues in Puerto Rico. I hope that these studies
are the first steps of a scholarly staircase. One that may allow us to reach new knowledge
heights, where we can grasp a wider and more systematic view of how different
components and dynamics within and outside of Puerto Rico influence its food system.
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INTRODUCTION
Compounding shocks in the current climate crisis threatens Small Island
Developing States and territories (hereafter islands) across the globe (FAO, 2014, 2019;
IPCC, 2014; Porter et al., 2014). Most islands, sovereign and non-sovereign, are located
in the Caribbean and Pacific regions, and have a combined population of 63.2 million
people (Hickey & Unwin, 2020; United Nations, n.d.). These countries and territories,
characterized as low and middle-income countries, though diverse in sociopolitical
contexts, climate gradients, and geographies, share a common challenge: high
dependence on imports and external resources (Lincoln Lenderking et al., 2021;
Scandurra et al., 2017). That challenge, though preset in continental countries or places
with significant land mass, is exacerbated in islands due to their social-ecological
characteristics (e.g., isolation). Islands are subject to power and trade imbalance, coupled
with limited land and natural resources, that create constraints for them to shape supply
chains or stabilize local food production, availability and access. Hence, being subject to
supply chain disruptions due to shocks on-site and afar pose great challenges in satisfying
local food needs.
In the case of the Caribbean, these historical food exporters have seen their local
agricultural production decline since the 1990s―mainly because of trade liberalization
and internal production challenges―while experiencing an increase in extreme weather
events (FAO, 2014; IPCC, 2014; Irizarry-Ruiz, 2016; Lincoln Lenderking et al., 2021;
Lowitt et al., 2015; Weis, 2007). Caribbean agriculture is mostly focused on domestic
markets, and supports many livelihoods, as well as cultural identities (Connell et al.,
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2020; Lowitt et al., 2016; Saint Ville et al., 2020). Yet, climate change and its associated
impacts present many new challenges for islands.
Stronger hurricanes and severe droughts, and other natural hazards, coupled with
islands’ limited resources and dependence on imported goods, are disproportionately
affecting a region that does not produce significant amounts of greenhouse gas emissions
(IPCC, 2014; Robinson, 2018; Scandurra et al., 2017; Thompson, 2019; United Nations,
1992). Ensuring that island food systems can withstand climate change will require
multidimensional and cross-scale solutions and approaches (e.g. policy changes) in many
ways, but fundamentally must involve farmers who are key agents of those systems and
are at the forefront of climate change’s impacts. Thus, comprehending what set of assets
and resources allow them to navigate the impacts and uncertainties of the present climate
crisis—their adaptive capacity—becomes pivotal for safeguarding local food systems and
those whose livelihoods depend greatly on them (Adger, 2006; López-Marrero, 2010;
Smit & Wandel, 2006). This dissertation investigates Puerto Rican farmers’ adaptive
capacity through three different approaches that validate their embeddedness in a socialecological system (Reed et al., 2013), where individual, structural, and biophysical
elements interact and influence adaptive capacity outcomes. It aims to create a starting
point for the study of island food systems, which cannot be isolated from globalized
interactions—both political and environmental.
Adaptive capacity, as an analytical framework and concept, allows for the
incorporation (and connected understanding) of individual, biophysical, and societal
components in relation to the issue of study (Figure 1) (Brooks & Adger, 2005; LópezMarrero, 2010; Wisner et al., 2004). This framework is mostly informed (and its used) by

5

natural hazards and disaster literature, where impacts experienced are not assumed to be
of natural origin. It describes that individuals or collective’s adaptive capacity is a core
determinant of vulnerability to natural hazards, alongside exposure and sensitivity
(Figure 1). Thus, vulnerability to natural hazards is driven by the degree to which the
individual (farmer) or system (farm) is subject to impacts (exposure), the extent to which
the individual or system is changed by such impact (sensitivity), and how able are
individuals and systems to reduce sensitivity and exposure or manage impacts (adaptive
capacity) (Adger, 2006; Gallopín, 2006; Smit & Wandel, 2006; Wisner et al., 2004).
Adaptive capacity is composed of various components that range from the individual to
the structural levels, including biophysical and institutional aspects of the place they are
situated. As an analytical framework, it allows to describe the set of resources available
to the individual or system in relation to structural aspects of place. Furthermore, this
framework acknowledges that these determinants are shaped by social characteristics and
historical legacies. Using this framework in the context of disaster, where disruptions in
the built and natural environments reflect persisting social and historical inequities,
allows for broader contextualizing of individual-focused data.
Hurricanes, as well as other natural hazards, are often described—especially in
the popular media—as natural disasters. Nevertheless, disasters are not natural. While
natural hazards are inevitable, it is not inevitable that they become disasters. Instead,
disasters are disruptions in the built and natural environment that reflect how continued
inequalities and power imbalances shape people’s vulnerability to natural hazards
(Adger, 2006; Bonilla, 2020; Clay et al., 2018; Quarantelli, 1992; Rodríguez et al., 2018;
Wisner et al., 2004, 2012). A hurricane may be the trigger of disaster, but not its sole
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perpetrator. Vulnerability to natural hazards—in essence what makes them a disaster—is
both a function of the scale of the hazard (i.e. the strength of the hurricane’s winds, or the
amount of rain), but also a reflection of social-historical factors that generate suffering
(Ribot, 2014), and is reinforced through social and political dynamics (Holmes, 2011;
Mares, 2019). Hence, the role of sociopolitical systems in generating disasters through
the “vulnerabilization” of individuals and the creation of social disadvantages cannot be
overlooked. Furthermore, the vulnerability of individuals and populations to hurricanes
stems beyond the actions that can be taken at the individual level to prepare for the brunt
impact and later navigate its aftermath (Adger, 2006; Gallopín, 2006). Thus, this
dissertation’s approach assumes that by examining farmers’ adaptive capacity, a
determinant of vulnerability to natural hazards, it can understand the complex socialecological dynamics that turn natural hazards into disasters (Figure 1).
Adaptive capacity’s definition relates to the concept of ‘resilience’, which,
generally, outside scientific or academic circles, is often mentioned in cases related to
individuals’ emotional intelligence or ability to overcome emotional distress. However, in
the context of agriculture, resilience broadly highlights the ability of a system (e.g. farm)
or individual (e.g. farmer) to being able to bounce back after an impact. In other words, a
resilient farmer is the one that, after a hurricane, is able to bring their farm back to how it
was before the impact. This interpretation of resilience has led scholars to call for caution
because it can lead to normalizing conditions that do not allow individuals to strengthen
their adaptive capacity, or decrease people’s vulnerability to hazards at different scales
(Béné et al., 2012, 2016; Borges-Méndez & Caron, 2019; Moulton & Machado, 2019).
This dissertation already acknowledges Puerto Rican farmers as resilient in the broadest
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sense of the word. Their ability to farm after Maria, as the ability of Puerto Ricans to
continue their lives after the hurricane, shows great resiliency.

Figure 1: Theoretical framework that guides this dissertation. It shows that
vulnerability to natural hazards is a function of exposure, sensitivity, and adaptive
capacity. Distinct components, from the individual to the societal levels, shape the
progression of vulnerability, which reflects on the magnitude of disaster. This
illustration is based and built upon: Adger, 2006; Barnes et al., 2020; LópezMarrero, 2010; López-Marrero & Wisner, 2012; Wisner et al., 2004.

Of course, the concept of resilience has a strong theoretical foundation in ecology
and provides a useful framework to understand environmental change (Holling, 1973;

8

Johnstone et al., 2016; Newton & Cantarello, 2015). Nonetheless, in the case of Puerto
Rico, and many other Caribbean islands, “resilience” in general can often means coming
back to a state where a colonial relationship creates challenges and limits opportunities
for change (Béné et al., 2012; Bonilla, 2020; Borges-Méndez & Caron, 2019). After
Maria, and throughout experienced shocks afterwards, “resilience” has been used to a
great extent by governmental actors to delegate institutional responsibilities to
individuals, which could lead to neglecting the role of policy and institutions in
perpetuating vulnerability (Bonilla, 2020).
Thus, not problematizing resilience can lead to one to deny or ignore the
sociopolitical aspects of vulnerability to hazards, especially, those aspects (e.g. trade
policies, agency on decision-making, etc.) that go beyond the individuals’ control (Béné
et al., 2012; Borges-Méndez & Caron, 2019). This dissertation understands resilience as a
multidimensional ability to recover and resist shocks, and transform the system to adapt
to the unknown. Hence, resilience is the ability to live and adapt to shocks, while
acknowledging uncertainty (Adger & Vincent, 2005). Adaptive capacity, alongside
absorptive (cope and absorb shocks) and transformative (to change the system)
capacities, allow individuals to be resilient (Béné et al., 2012). Thus, this dissertation’s
studies use adaptive capacity as a framework, in order to better build a picture of farmers’
available assets and resources to navigate this climate crisis and how that relates to
broader structural components and dynamics.
The studies that compose this dissertation take place in the aftermath of category
four Hurricane Maria in Puerto Rico, a United States unincorporated territory in the
Caribbean. Puerto Rico has been facing social and economic struggles since its recession
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began in the early 2000s. Similar to other islands in the region, Puerto Rico imports 85%
of the food it consumes, and its agriculture, which has been decreasing significantly in
area since the 1990s due to external (e.g., trade liberalization) and internal (e.g.
production prices, access to local markets) forces, focuses mostly on domestic markets
(Díaz et al., 2018; Gould et al., 2015, 2017). In 2016, in response to the debt crisis and
Puerto Rican recession, the United States government imposed a Fiscal Oversight
Management Board that has veto power over the Puerto Rican government and has
enacted austerity measures that has affected an already vulnerable population (Bonilla,
2020; Félix & Holt-Giménez, 2017). Within that context of economic and political
constraints, before Hurricane Maria, the agricultural sector was showing signs of
improvement through its production numbers, incorporation of new farmers, and support
from governmental and non-governmental sectors. That, however, was halted by the
winds and rains of the strongest hurricane to hit Puerto Rico in over 89 years, and one of
the strongest in the Atlantic’s records (Bang et al., 2019; Bonilla, 2020). Hurricane Maria
made landfall in a place where 46% of people live below the poverty line under United
States guidelines (Caraballo-Cuento, 2018), and 33% were food insecure as defined by
the United States Department of Agriculture 6-item food security module before the
Hurricane (Santiago Torres et al., 2019). As such, Puerto Rico represents a complex
island study system, where neocolonial history, isolation and external reliance, and
limited land intertwine with socio-cultural and economic issues to shape its food system.
The problem this dissertation examines (Puerto Rican farmers vulnerability to
natural hazards) is a wicked one because of its complexity and interdependence on
distinct factors characterized differently by actors (Rittel & Webber, 1973).
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Transdisciplinarity and system thinking guides this dissertation, in order to make sense of
that complexity and interdependence (Bland & Bell, 2007; Francis et al., 2008; Knierim
& Callenius, 2018; Méndez et al., 2013). One key element of this type of thinking is
challenging a reductionist approach that evades the complexity of diverse phenomena.
Nonetheless, it is important to acknowledge that systems are not total and that they are
ever changing (Bland & Bell, 2007). Hence, the parts of the system can be analyzed
singularly, while taking into account that it is interconnected, and other factors may
generate change in it.

Figure 2: Each study informs the next, and together they intent to build a staircase
that goes from the individual to the more structural levels.

Therefore, each empirical study will engage different disciplines to understand
farmers’ adaptive capacity in a multidimensional manner through three approaches. Each
will aim to be building block of a staircase (Figure 2) that allows the opportunity to grasp
a systems view of how different components interact and interconnect in relation to
11

adaptive capacity. Findings from one study will inform the development of the one that
follows. Given the difficulty to perform transdisciplinary and participatory work as a
student, especially when having access to limited individual-focused data or
methodologies, this approach provides us the opportunity to build a food systems project.
Nevertheless, it will be incomplete. That, however, is not a limitation because of the
intention to create a starting point for future works to continue this line of study. Though
singularly each study may not be characterized as transdisciplinary work, as a whole (and
in the concluding statements) this dissertation can then be considered transdisciplinary.
All the studies are based on a mixed-methods survey instrument that was
developed according to previous studies on climate change and adaptation, in
collaboration with the Extension Service of the University of Puerto Rico at Mayagüez.
An agreement with Extension was reached in November 2017, and a pilot survey with 31
farmers was carried out in February 2018 after receiving approval by the University of
Vermont Institutional Review Board. Agricultural agents of Extension enumerated the
surveys, which were deployed in May-June 2018 throughout Puerto Rico. A total of 405
farmers responded the survey, resulting in an 87% response rate. The survey captured
qualitative and quantitative data regarding their climate change and adaptation
perceptions, agricultural losses, obstacles towards recovery, opinions around policy,
among others. Each study uses subsets of these data to contribute to the general questions
of this dissertation:
1. What characteristics relate to Puerto Rican farmers’ vulnerability to climate
change-related impacts?
2. What factors impacted farmers’ recovery, livelihoods, and food security?
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3. To what extent can Puerto Rican farmers achieve sustainable levels of
agricultural resilience within Puerto Rico’s sociopolitical circumstances and
exposure to natural hazards?
Though each study has their own set of research questions, hypotheses, and
appropriate methodologies, their aims are aligned with the aforementioned overarching
questions. Furthermore, each study presents a literature review focusing on the approach
it uses to understand adaptive capacity. They explore the multidimensionality of adaptive
capacity, recognizing that individuals’ vulnerability to natural hazards is influenced by
the interactions and interconnectedness of the social-ecological components of the food
systems they are embedded in. This dissertation seeks to understand how such
interactions and interconnections are portrayed in an island setting. While much of the
adaptive capacity literature focused on farmers and food systems have centered on the
individual level, these studies contribute to furthering our understanding of adaptive
capacity by expanding the scope of the literature (Wilson et al., 2020). The analysis used
in these studies allow for the broadly individual perceptions data they are cemented to be
contextualized to the broader system farmers are part of. Adaptive capacity as a
framework provides space to question and analyze the role of broader structures, such as
institutions, in the issue we are focusing one. Moreover, the body of work that sustains
the framework validates that vulnerability to natural hazards has root causes and is
subject to dynamic pressures that cannot be fully understood by focusing on the
individual level. Nevertheless, the determinants that compose the framework allow us to
make sense of the interaction between components from farm landscapes overly exposed
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and sensitive to natural hazards, to the dynamics of the social, political, and structural
networks farmers are part of.
The first study centers mostly at the individual level. It engages social psychology
and cognitive science to examine how climate change and perceptions of capacity relate
to each other and mediate adoption of adaptation practices—a reflection of adaptive
capacity. This study is framed on the theory of psychological distance (Spence et al.,
2012)—simply put, how near or far people perceive climate change to be in different
dimensions, and its relationship to behaviors. The second study builds on the findings of
the first one and incorporates qualitative and quantitative data to explore adaptive
capacity elements beyond the individual farmer. It looks at farmers’ adaptive capacity by
assessing their actual and intended adoption of agricultural adaptation practices and
strategies, in light of the obstacles towards the recovery of their farms they qualitatively
reported. Finally, the last study examines farmer households’ food security after
Hurricane Maria. It incorporates biophysical data with social data in an integrated
analysis that captures how exposure to hazards themselves can manifest disaster impacts,
and the other social, agricultural, and political factors that may provide adaptive capacity.
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CHAPTER 1
Awareness of climate change's impacts and motivation to adapt are not enough to
drive action: A look of Puerto Rican farmers after Hurricane Maria

Rodríguez-Cruz, LA., Niles, MT. (2021) PLoS ONE 16(1): e0244512.

1. Summary
Understanding how perceptions around motivation, capacity, and climate change’s
impacts relate to the adoption of adaptation practices in light of experiences with extreme
weather events is important in assessing farmers’ adaptive capacity. However, very little
of this work has occurred in islands, which may have different vulnerabilities and
capacities for adaptation. Data of surveyed farmers throughout Puerto Rico after
Hurricane Maria (n = 405, 87% response rate) were used in a structural equation model to
explore the extent to which their adoption of agricultural practices and management
strategies was driven by perceptions of motivation, vulnerability, and capacity as a
function of their psychological distance of climate change. Our results show that half of
farmers did not adopt any practice or strategy, even though the majority perceived
themselves capable and motivated to adapt to climate change, and understood their farms
to be vulnerable to future extreme events. Furthermore, adoption was neither linked to
these adaptation perceptions, nor to their psychological distance of climate change, which
we found to be both near and far. Puerto Rican farmers’ showed a broad awareness of
climate change’s impacts both locally and globally in different dimensions (temporal,
spatial, and social), and climate distance was not linked to reported damages from
20

Hurricane Maria or to previous extreme weather events. These results suggest that we
may be reaching a tipping point for extreme events as a driver for climate belief and
action, especially in places where there is a high level of climate change awareness and
continued experience of compounded impacts. Further, high perceived capacity and
motivation are not linked to actual adaptation behaviors, suggesting that broadening
adaptation analyses beyond individual perceptions and capacities as drivers of climate
adaptation may give us a better understanding of the determinants to strengthen farmers’
adaptive capacity.

2. Introduction
Exposure, sensitivity, and adaptive capacity are three main determinants of
farmers’ vulnerability to natural hazards [1, 2]. Farmers in small island states and
territories, most of which are located in the tropics, farm in regions that are often
disproportionately exposed and sensitive to natural hazards [2–4]. Exposure results from
islands being situated in regions highly prone to extreme weather events (e.g. Atlantic’s
‘Hurricane Belt’), and sensitivity relates to the degree to which such hazards change
physical systems (e.g. farms) [1, 4–6]. As such, strengthening adaptive capacity―defined
as the set of actual abilities and resources individuals and populations have to anticipate,
withstand, cope with, and recover from a hazard, and the potential or abilities they have
to modify the system in order to be more resistant to impacts [3, 7, 8]―is key in
decreasing vulnerability to natural hazards.
Adaptive capacity is complex, and involves many diverse and interrelated
determinants, which expand from individual to social and political scales [3, 4]. It should
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not be confused with perceived self-capacity, which refers to people’s beliefs around
their own capabilities to undergo a change or carry out an action [9–11]. In the case of
farmers, the adoption of new adaptation practices, technologies, and strategies, as well as
the access to institutional resources and networks of support, are important for
strengthening adaptive capacity [12–16]. Research in the Caribbean and Central
America―areas exposed to Atlantic hurricanes―have shown that farms and farmers’
characteristics, such as farm size, levels of education and income, and production styles,
as well as their access to diverse markets, and sources of support, are important in
reducing vulnerability to natural hazards [12, 17–20]. Nevertheless, given the
heterogeneity of the regions’ social and political systems, generalization of results is
complicated; hence, place-specific research is important to better understand adaptive
capacity [4, 21].
This is evident in the Caribbean, given the region’s neocolonial dynamics, where
many islands’ sovereignty resides on continental countries [22–24]. This is the case of
Puerto Rico as an unincorporated territory of the United States. Studying Puerto Rican
farmers’ climate change adaptation―the response to climate change-related impacts
through the adoption of management mechanisms―could allow us to understand the
extent to which biophysical, social, and political components of a system impact farmers’
decision-making. This then may improve our knowledge to strengthen adaptive capacity
in the Caribbean and beyond.
Perceptions are an important factor to explore in adaptation decisions [3, 6, 25],
especially risk, perceived-capacity, and motivation to adapt, which have been found to be
linked to the adoption of adaptation strategies [9, 26, 27]. While climate change
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adaptation requires external resources (extrinsic), individual determinants (intrinsic) also
allow better understanding of adaptive capacity [5, 6, 14]. Studies have found that
individuals’ perceived capacity, perceived vulnerability, motivation to adapt, and other
social and cognitive variables are key in understanding adaptation behaviors [9, 13, 25,
26]. The ways farmers perceived their capacity to adopt new adaptation behaviors, and
the risks they are exposed to have been shown to drive the adoption of new agricultural
practices and pro-environmental behaviors [13, 26, 28–30]. While existing research
demonstrates a link between climate perceptions, beliefs, and climate change adaptation
amongst the general public [e.g. 31], and farmers [e.g. 26], there are varied results in the
strength to which those perceptions drive change [9, 32, 33]. Importantly, most research
focused on perceptions about climate, and their role in adaptation is from high-income
countries [9]. There is limited evidence of this topic from small island developing states
and territories, whose unique exposure and sensitivity to climate change and extreme
events may influence how residents perceive climate change and their capacity to adapt
to it.
To address the current gaps in the literature around the role of perceptions in the
adoption of adaptation strategies, we examine survey results from 405 Puerto Rican
farmers following Hurricane Maria, a category four hurricane, which impacted Puerto
Rico in September 2017. We examine the extent to which Puerto Rican farmers’ adoption
of agricultural practices to prepare for future events after Hurricane Maria relates to their
perceptions of climate change, self-capacity, and motivation to adapt. We draw our
theoretical grounding from Spence and colleagues by analyzing the data through the lens
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of the psychological distance of climate change―simply put, how near or far people
perceive climate change to be from themselves in different dimensions [31, 34].

2.2 Theoretical framework
Construal Level Theory states that humans imagine the past and future through
abstract constructs, since we are embedded in the here and now [35, 36]. Psychological
distance, a component of the aforementioned theory, is a subjective experience that uses
the self as a reference point [35, 36]. Psychological distance is measured in four
components: temporal, social, spatial, and hypothetical (uncertainty of the distance or
issue). The more distant we perceive an issue or event to be across these dimensions, the
more we rely on abstract constructs to make sense of it. In contrast, things we perceive as
closer are more concrete. For example, as an event gets closer in time (e.g. conference
presentation), the awareness of the dynamics involved become more concrete (e.g.
transportation to the venue, nervousness, time management, and other variables). Thus,
Construal Level Theory explains that we use mental constructs to build understanding of
what transcends the here and now.
Applied in the realm of climate change communication and adaptation research,
the psychological distance of climate change [34] refers to how near or far people (e.g.
farmers) perceive climate change to be from themselves across the four dimensions:
temporal (when climate change will occur or if is occurring), spatial (where it happens),
social (to whom it happens), and the hypothetical or uncertainty dimension (certainty of
whether it occurs or not). Theoretically, this posits that individuals who are
psychologically close to climate change are prone to perceive higher risks to hazards, and
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a greater motivation to act to adapt or mitigate climate change. Nonetheless, this
assumption has not been consistent in research [32, 33].

2.3 Research on the psychological distance of climate change
The aforementioned hypothesis has been the basis for many existing studies on
the psychological distance of climate change (e.g. understanding how psychological
distance affects the propensity for individuals to take action to mitigate or adapt to
climate change). The current body of research focused on the psychological distance of
climate change is both experimental [37, 38], and observational [34, 39]. More
specifically, scholarship has explored (1) the interrelatedness of the different dimensions,
(2) the role of experiencing extreme weather events on individuals’ psychological
distance of climate change, and (3) the degree to which psychological distance of climate
change affects behavior (intention and actual change). Overall, evidence indicates
inconsistent outcomes related to the psychological distance of climate change and its
capacity to prompt action, as well as the understanding of how experiences with extreme
events affects psychological distance, and the relatedness of the four dimensions varies
[33].
These results may suggest that place matters; a natural hazard (e.g. hurricane), for
example, can be experienced and perceived differently depending on a populations or
individuals’ attributes (e.g. sociodemographic characteristics, beliefs, adaptive capacity)
[1, 2].
Some studies support that the four dimensions of the psychological distance of
climate change are interrelated. Moreover, studies suggest that being psychologically
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close impacts behavior. For example, Spence and colleagues (2011, 2012) demonstrated
that reported experience with floods was linked to individuals’ perceptions of climate
change in the United Kingdom. Their studies showed that the four dimensions of the
psychological distance of climate change were interrelated, and that reduced
psychological distance related to prompting climate change mitigation actions amongst
individuals [31, 34]. Furthermore, their study showed that direct experience with flooding
was linked to higher perceived self-capacity [31].
Similarly, but based in the United States, Singh et al. (2017) found that the four
dimensions were interrelated, and that those psychologically close expressed more
support towards climate change adaptation policies. In that study, psychological distance
was linked to experience with extreme events. The temporal and uncertainty dimensions,
by their own, did not have significant effect on policy support; however, those that
expressed higher uncertainty over climate change and were socially distant, expressed
less support towards policies [39]. Furthermore, research has shown that the dimensions,
though often interrelated, depending on different social and geographical attributes,
manifest differently [33]. Focused on New Zealand’s farmers, Niles et al. (2015) applied
the psychological distance of climate change framework in combination with Liebig’s
Law of the Minimum to assess adaptation behaviors, finding that decreasing
psychological distance may prompt action from farmers. Farmers who perceived climate
change impacts as spatially close, were more likely to feel more concern for climate
change and motivation to adapt [26].
Research has also described how experience with extreme weather events relates
to being psychologically close [26, 31, 33, 39]. Acharibasam and Anuga (2018) found

26

that farmers who had experienced extreme events were socially and spatially close, and
that psychological distance mediated emotional regulation among farmers―the mental
processes through which individuals decide how emotions are expressed and experienced
[40]. Nevertheless, a recent meta-analysis performed by van Valkengoed and colleagues
(2019) found that experience had small-to-moderate effects on climate change adaptation.
That same meta-analysis found that perceived self-capacity had higher effects on
adaptation behaviors than experience. Larcom (2019) found that experience with a
heatwave amongst the general population did not elicit adaptation behaviors in the United
Kingdom, but did elevate concern [41]. Similarly, Albright and Crow (2019) found that
direct flooding experience was not a predictor of concern for climate change amongst
Colorado, United States, residents [42]. These more recent studies suggest that there may
be a threshold of individual exposure to natural hazards and their potential to catalyze
behavioral change; indeed, as the rate of extreme events increases, it could be probable
that such events may saturate in people’s experiences and become “more normal”, part of
the status-quo.
The aforementioned studies also highlight the importance of taking into account
how different components of a system interconnect with individual attributes, but also
bring attention to how psychological distance of climate change research is limited in its
generalizability [32]. Furthermore, most research on the matter has used data on reported
experience, and not on direct experience (e.g. material impacts such as damage). Zanocco
et al. (2018) performed case studies of residents whose communities were directly
impacted by extreme events, such as tornados and wildfires, or were proximate to where
the events occurred, in order to understand the relationship between experience of
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extreme event and views of climate change. Applying Construal Level Theory
perspectives of psychological distance, they found that spatial proximity to the event did
not align with climate change views, but reported harm did [43]. This quote from Demski
et al. (2017), as cited by Zanocco et al. (2018), underscores the aforementioned: “Selfreported measures of experience that include: direct physical experience and material
impacts of an event, well-defined in terms of personal effects and damage, are less
susceptible to biased reporting, providing the best proxy available for objective
experience” (p. 152) [43].
This paper attempts to fill several gaps in the research. First, we will assess Puerto
Rican farmers’ psychological distance of climate change after experiencing an extreme
weather event. Hurricane Maria affected all of Puerto Rico in September 2017, causing
significant damages to infrastructure, agriculture, and livelihoods. The 2017 Atlantic
Hurricane Season is noted for being a devastating one in the Caribbean region [44]. To
the best of our understanding, there are no studies exploring the psychological distance of
climate change amongst farmers in small island developing states and territories after an
extreme weather event. Second, we will assess the extent to which both reported
experience with other similar extreme events, and direct damages reported by Hurricane
Maria relate to psychological distance of climate change. As stated above, there are
mixed results on how reported experience and actual experienced damages are linked to
climate change perceptions. Finally, drawing from Spence et al. (2011) and others who
have shown that perceived capacity is linked to adaptation, we examine farmers adoption
of agricultural practices after Maria, and its relationship to climate change distance,
vulnerability, perceived capacity, and motivation to adapt.
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2.4 The present study
This study focuses in Puerto Rico, an unincorporated territory of the United States
that imports around 85% of the food it consumes, and that is going through a socialeconomic crisis because of its billion dollar debt and political situation [44–47]. In
response to Puerto Rico’s debt crisis in 2016, the United States’ government created a
Fiscal Management and Oversight Board that, alongside the local government, imposed
austerity measures, and made visible Puerto Rico’s lack of political agency as a territory
of the United States [22, 23]. Simultaneous and previous to this change, the agricultural
sector in Puerto Rico was experiencing positive changes, such as a rise in new farmers,
production increases, and increased awareness of food security [17, 48–50]. Such
agricultural gains were important since Puerto Rico, like the broader Caribbean, was
experiencing a steady decline in farms since the 1990’s due to trade liberalization,
globalization, and other external and local forces [18, 49, 50, 51, 52]. Nevertheless, such
gains were erased when both Hurricane Irma and Hurricane Maria, two of the strongest in
the Atlantic’s history, hit Puerto Rico in September 2017 [46, 53–55].
Puerto Rico’s Department of Agriculture (2018) reported that both hurricanes
caused $2 billion in total losses, with the majority of losses from Maria ($228 million in
production losses, and $1.8 billion in agricultural infrastructure losses). Such damages
significantly impacted Puerto Rican agriculture, which, according to the USDA, is
comprised of many small-scale farmers with an average farm size of 59 acres
(approximately 23 hectares), who focus mostly on domestic markets, and who have an
average annual income of less than $20,000 [56]. Focusing this study on Puerto Rican
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farmers after experiencing a major storm, not only allow us to advance our understanding
of the role of direct hazard experience on the psychological distance of climate change,
but provides us the opportunity to produce important applied knowledge around
strengthening adaptive capacity through assessing climate change adaptation at the
individual level [26].
2.5 Objective, research questions, and hypotheses
Our study intends to assess (1) the psychological distance of climate change
amongst farmers in Puerto Rico, an unincorporated territory of the United States, after an
extreme-weather event, (2) the extent to which psychological distance of climate change
is related to reported experience, and reported damages caused by Maria, and to (3) other
perceptions important in adaptation research, such as motivation to adapt, perceived
capacity (self-efficacy or perceived instrumentality), and perceived vulnerability, and (4)
the role of these perceptions in the adoption of agricultural practices after Maria as a
function of farmers’ psychological distance of climate change.
We ask: 1) How do farm and farmer characteristics, and experiences with extreme
events (i.e. reported damages and reported experience with similar events) relate to the
psychological distance of climate change? 2) In light of experiencing an extreme event,
what is the role of psychological distance of climate change in motivating Puerto Rican
farmers to adapt to climate change? And, 3) to what extent do adaptation perceptions
relate to actual adoption of agricultural practices and management strategies after Maria?
We hypothesize that farmers’ psychological distance of climate change will be driven by
their experience (e.g. reported damages) with Hurricane Maria and past extreme weather
events (H1). Furthermore, we predict that psychological distance of climate change will
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be related to perceived capacity, perceived vulnerability, and motivation to adapt (H2),
and that these will be positively linked to the adoption of agricultural practices and
management strategies after the hurricane (H3). Fig 1 shows our hypothesized model.

Fig 1. Hypothesized model. Farm and farmer characteristics’ variables included as
controls.

3. Methodology
3.1 Data gathering
Previous studies of on-farm management and climate change perceptions, and on
the psychological distance of climate change [16, 26, 31, 39, 57] informed the
development of a survey instrument, which was modified to fit the general objectives of
the main study. This study was carried out in collaboration with the Extension Service of
the University of Puerto Rico at Mayagüez. Thus, feedback from Extension partners were
also included in the survey’s development. The Committees on Human Subjects Serving
the University of Vermont and the UVM Medical Center at the Research Protections
Office approved our study on December 2017. Consent from participants was obtained
orally, and was included in the survey booklet. The survey was translated into Spanish,
and piloted in February 2018 with a pool of Puerto Rican farmers (n = 32), and was also
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shared amongst Extension agricultural agents for feedback―enumerators of the survey.
Minimal language and structural changes were made to the instrument.
Surveys (n = 440) were randomly administered to farmers by Extension agents,
according to the five regions the Extension Service divides Puerto Rico: Arecibo, Caguas,
Mayagüez, Ponce, and San Juan. Each region has several agents that provide service to
the municipalities that comprise each region. Survey deployment was based on Extension
Services’ recommendations to access a wide range of farmers, and because agricultural
agents had an established presence. Each regional office received a set of surveys; San
Juan, Caguas, and Ponce received 100 surveys each, and Mayagüez and Arecibo received
75 surveys each. Participant Extension agents randomly surveyed farmers in the
municipalities they worked in. Surveys were administered between May and July 2018 in
person. Farmers from 65 of Puerto Rico’s 78 municipalities answered the survey. A total
of 405 surveys were completed, resulting in an 87% response rate based on the American
Association for Public Opinion Response Rate Calculator [58].

3.2 Assessing the psychological distance of climate change
Eight questions were used to assess the four dimensions of the psychological
distance of climate change (temporal, social, spatial, and hypothetical/uncertainty) (Table
1). These questions were adapted from previous research on the topic, and contextualized
to Puerto Rico [26, 31, 39, 57]. The temporal dimension was assessed with one item,
while the social and spatial dimensions were assessed with two each. Questions assessing
the social and spatial dimensions were intended to separately assess local and distant
concerns. Uncertainty was assessed through three statements. Variables were reversed
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where needed, in order to analyze ascending levels of the psychological distance of
climate change; “5” in the scale would represent “psychologically distant”. We used
Cronbach’s alpha to measure internal validity of these constructs in the pilot analysis,
demonstrating good internal reliability (alpha = 0.86). Furthermore, a factor analysis
using principal components was carried out on these items to further assess consistency.
S1 Table shows the pilot data’s analysis results, which indicate all items aligned well
under one factor (Factor loadings were >.40). This supported our decision to keep a
variable scale in the study ―Cronbach’s alpha for the main study’s psychological
distance of climate change scale was 0.74, which suggests good internal validity [59].
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Table 1: Survey variables used in this study
Category

Variable

Question/Statement

Measure

Climate change

Global climate

The global climate is changing.

5-point Likert scale―from
strongly disagree to

perceptions

strongly agree
Average global temperatures are increasing.

5-point Likert scale

Anthropogenic

Human activities such as fossil fuel

5-point Likert scale

causes

combustions are an important cause of climate
34

Global temperature

change.
Psychological
Distance of Climate
Change
Temporal
Dimension

Today

The effects of climate change are not being felt
today.

5-point Likert scale

Category

Variable

Question/Statement

Measure

Spatial dimension

Local agriculture

Climate change does not presents more risk

5-point Likert scale

than benefits to agriculture in Puerto Rico.
Global agriculture

Climate change presents more risks than

5-point Likert scale

benefits to agriculture globally.
Social dimension

Farmers

Farmers like me are not likely to be affected

5-point Likert scale

negatively by climate change.
People who are not farmers are likely to be

5-point Likert scale
35

General public

affected negatively by climate change.
Hypothetical or

Impact uncertainty

There is scientific uncertainty about the

uncertainty

potential impacts of climate change on

dimension

agriculture.
Cause uncertainty

There is scientific uncertainty about the causes
of climate change.

5-point Likert scale

5-point Likert scale

Category

Variable

Question/Statement

Measure

Hurricane

I am uncertain that the occurrence of strong

5-point Likert scale

uncertainty

hurricanes in the Atlantic is related to climate
change.

Adaptation

Motivation to adapt

perceptions

I feel motivated to change my agricultural

5-point Likert scale

practices to prepare for future extreme weather
events like Hurricane Maria.
I feel that I have the capacity to change my

capacity

agricultural practices to prepare for future

5-point Likert scale
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Perceived self-

potential extreme weather events like Hurricane
Maria.

Main dependent
variable

Perceived

I believe my farm is vulnerable to future

vulnerability

extreme weather events like Hurricane Maria.

Actual adoption

Which of these agricultural practices and
management strategies, if any, might you adopt

5-point Likert scale

Count

Category

Variable

Question/Statement

Measure

in the near future to adapt to future extreme
events like Hurricane Maria?a
Experience with

Reported experience

extreme weather

I have faced similar extreme weather events

5-point Likert scale

like Hurricane Maria in the past ten years.

Reported damages

Farmer and farm

How would you describe the damages, if any,

5-point Likert―from no

caused by Hurricane Maria to your farm?

damages to total loss

Age

In which year you were born?

Continuous

Bonafideb

Do you participate in the bonafide program of

Binary―yes or no

characteristics*

the Puerto Rico Department of Agriculture?
Education level

What is the highest level of education you have

Ordinal―from elementary

completed?

school to PhD degree
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events

Category

Variable

Question/Statement

Measure

Farm size

How many cuerdasc of terrain do you manage

Continuous

in your farm?
Gender

What is your gender?

Binary―female or male

Household income

What is your approximate household income,

Ordinal―from Less than

including all far and off-farm income?

$20,000 to more than
$90,000

a

the practices currently in use after Maria.
b

The bonafide program of the Puerto Rico Department of Agriculture provides farmers with agricultural incentives and

benefits..
c

This is the traditional measurement of land use in Puerto Rico. One cuerda is approximately 0.97 acres.
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The list of practices can be found in S2 Table. Farmers were asked to report, from a list of predetermined actions, what were

3.3. Assessing adaptation perceptions and outcomes
Farmers were asked about their perceived self-capacity to change their
agricultural practices to adapt to future extreme events, their reported motivation to do so,
and their perception around the vulnerability of their farms to the impacts of future
extreme weather events. These perceptions were measured through three 5-point Likert
scale items. We included motivation to adapt as the intermediary variable between both
perceived self-capacity and vulnerability, and actual adoption. Farmers were also asked
about the number of practices and management strategies they were currently adopting
after Hurricane Maria, in order to adapt to future extreme weather events like Maria. The
survey contained a table with a list of 21 practices and management strategies, so farmers
could report those they intended to adopt, and those currently adopted. Here we use
results for the actual adopted practices (Appendix 1), and generate a count variable by
summing reported actual adopted practices (a range from 0 to 20). We did not include
“exiting farming” in generating this count variable because we aimed to focus on those
currently farming (and only six farmers said they had terminated their farming
operations). All variables included in the model can be found in Table 1.

3.4 Structural equation modeling
A structural equation model was built to explore the extent to which
psychological distance of climate change relates to farmers’ reported experience with
similar events to Hurricane Maria and reported degree of damage due to Maria, their
motivation to adapt to climate change and their actual adoption of agricultural practices
and management strategies. Structural equation models allow quantitative analysis of the
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direct, indirect, and mediated interactions between variables, and the incorporation of
latent constructs [30, 60, 61]. Fig 1 shows the hypothesized model. Two variables
assessed experience: “reported past experience” and “reported hurricane damages” (Table
1). Variables for perceived capacity and vulnerability, as well as for motivation to adapt,
and actual adoption of agricultural practices were included. The structural equation model
was deployed in Stata 15.1, using Maximum Likelihood with bootstrapping (1000
iterations) to control for Type I errors, for non-normal data, and to increase statistical
power [30, 62, 63]. The following Goodness-of-fit criteria were used: Standardized Root
Mean Square Residual (SRMR), Comparative fit index (CFI), Root mean square error of
approximation (RMSEA) [61].

4. Results
4.1 Participants’ characteristics and the impact of Hurricane María
Farmers had an average age of 54, and farmed an average of 58 cuerdas
(approximately 56 acres). The great majority of respondents had attended college (67%)
(Table 2). Table 3 contrasts farmers’ demographics and farm characteristics with those
reported in Puerto Rico’s 2017 Agricultural Census [56]. Respondents generally were
similar to average census statistics, with the exception of having higher rates of formal
higher education and somewhat higher percentage of income from farming. It is
important to note that the recent census is not comparable to the previous one done in
2012 [56]. Moreover the 2017 census, performed in 2018, had a lower response rate, and
USDA reported some difficulty in performing the census given post Hurricane Maria
conditions [56, 64]. Farmer respondents were distributed throughout Puerto Rico with
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15% in the Arecibo region, 22% in the Caguas region, 19% in the Mayagüez region, 25%
in the Ponce region, and 22% in the San Juan region. (Percentages do not sum 100%
because some farms extend beyond one municipality that border with another). The
majority of farmers experienced damages from Hurricane María; 42.6% reported total
loss of their farms, while 45.6% reported significant damages (Fig 2). The majority of
farmers (55.1%) disagreed and strongly disagreed that they had faced similar events to
Hurricane Maria.

Table 2: Mean statistics of control variables.
Variable

Scale

Frequency (%)

Mean ± SD

n

Age

Continuous

-

54.0 ± 13.5

391

Bonafide

Yes

210 (52.8)

-

398

No

188 (47.2)

Elementary School

21 (5.2)

-

401

Junior High School

13 (3.2)

Some High School

15 (3.7)

High School Diploma

82 (20.5)

Some College

42 (10.5)

Technical Degree

25 (6.2)

Associate Degree

41 (10.2)

Bachelor’s Degree

109 (27.2)

Master’s Degree

46 (11.5)

PhD

7 (1.8)

Education level
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Variable

Scale

Frequency (%)

Mean ± SD

n

Farm size

Continuous

-

58.1 ± 98.5

383

Gender

Female

55 (14.0)

-

395

Male

340 (86.0)

Less than $20,000

138 (36.4)

-

379

$20,000 - $40,999

125 (33.0)

$41,000 - $60,999

52 (13.7)

$61,000 - $80,999

36 (9.5)

More than $90,000

28 (7.4)

Household income

Table 3: Demographic variables of our study’s surveyed farmers in comparison to
USDA 2017 Agricultural Census data for Puerto Rico.
Category

Present study

USDA 2017 Census data

Average farm size

58.1 cuerdas (majority

59.3 cuerdas (majority

farmed > 20 cuerdas)

farmed > 20 cuerdas)

Years farming

Majority > 10 years

Majority > 10 years

Average age

54

61

Gender

Great majority is male

Great majority is male

Education

Majority reported High

Majority reported High

School Diploma or more

School Diploma or less

Income from farming

> 50%

< 50%

Household income

Majority reported <

Majority reported <

$20,000

$20,000
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Note: Data from the census is for farms’ principal operators. In Puerto Rico, this does not
necessarily mean that they are the sole owner of the farm. Neither the census or the local
Department of Agriculture detail the number of Puerto Rican farmers who participate in
the bonafide program; however, in a media report in 2019 [66], according to the
Secretary of Agriculture, Carlos Flores, among Puerto Rico’s 17,000 farmers, 4,000 are
part of the bonafide program; 24% in comparison to the 53% in our study. It is also
important to note that the Secretary’s comment contrast with the number of farmers
provided by the USDA census, which was conducted in 2018, and had a low response
rate [65].

Figure 2: Farmers’ past experience with events similar to Hurricane Maria (top)
and reported hurricane damages (bottom)

4.2 Climate change and adaptation perceptions
Fig 3 shows results for farmers’ perceptions around climate change and
adaptation. An overwhelming majority of Puerto Rican farmers believe that the global
climate is changing (86% strongly agree and agree), and that it has anthropogenic causes
(91.4%). As well, 84.4% of Puerto Rican farmers agreed and strongly agreed that they
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feel motivated to change their agricultural practices to better prepare for future extreme
events. Though farmers perceive their farms to be vulnerable to future extreme weather
events (93.5%), they understand themselves capable to adapt to climate change (79.0%).

Figure 3. Climate change perceptions and adaptation perceptions among Puerto
Rican farmers.

4.3 Farmers adoption of agricultural practices and management strategies after
Hurricane Maria
Table 4 shows the number of adopted practices and management strategies, and
percentage of farmers that adopted those numbers of practices. Almost half of farmers
(49%) reported adopting at least one agricultural practice or management strategy to
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prepare for future events like Maria. On average, farmers adopted 2.5 practices (SD: ±
3.6). Appendix 1 shows types of agricultural practices and management strategies, their
frequencies, and percentage of farmers that adopted them

Table 4: Number of adopted agricultural practices and management strategies after
Hurricane Maria by Puerto Rican farmers.
Number of adopted practices

Frequency (%)

0

202 (51.0)

1–4

98 (25.0)

5–8

60 (15.0)

9 – 12

29 (7.0)

13 – 17

7 (1.0)

4.4 Puerto Rican farmers’ psychological distance of climate change
We found that Puerto Rican farmers understand climate change as both a local
and global phenomenon, being both psychologically close and psychologically distant
across various measures. While we find evidence across all four dimensions of
psychological distance for perceived “closeness”, we also find that farmers demonstrate
awareness for climate change effects beyond Puerto Rico in all dimensions
(psychologically far) (Fig 4).
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Figure 4. Results for variables of the psychological distance of climate change.

Respondents demonstrated a temporally close relationship to climate change with
the majority disagreeing and strongly disagreeing (95.1%) that the effects of climate
change are not being felt today. Regarding the spatial dimension, Puerto Rican farmers
perceive that climate change will both negatively impact agriculture at both local and
global scales (Fig 4). The majority disagreed and strongly disagreed (89.4%) with the
statement, “climate change does not present more risks than benefits to agriculture in
Puerto Rico” (e.g. Puerto Rico’s agriculture is at risk). Farmers also agreed and strongly
agreed (90.0%) with the statement focused on the global scale, “Climate change presents
more risks than benefits to agriculture globally”. At the social dimension, farmers
expressed that climate change will both affect farmers (people like them), and the general
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public (people not like them). The majority (92%) disagreed and strongly disagreed that
farmers like them will likely be affected negatively by climate change (psychologically
close); 89% agreed and strongly agreed with the statement, “people who aren’t farmers
are likely to be negatively affected by climate change” (psychologically far).
We found the greatest variability in the uncertainty or hypothetical dimension of
psychological distance of climate change. Thirty nine percent (39%) of respondents
agreed and strongly agreed that there is scientific uncertainty about the potential impacts
of climate change on Puerto Rico, 14% were neutral, while 47% disagreed and strongly
disagreed with the statement. The majority (60%) disagreed and strongly disagreed that
there is scientific uncertainty about the causes of climate change; 16% were neutral, and
24% agreed and strongly agreed with the statement. Regarding the statement related to
feeling uncertain about the relationship between climate change and occurrence of strong
hurricanes in the Atlantic, 25% agreed and strongly agreed, 13% were neutral, and 63%
disagreed and strongly disagreed. Furthermore, respondents overwhelmingly agreed that
human activities are an important cause of climate change (3.2% disagreed and strongly
disagreed, 5.4% were neutral, and 91.4% agreed and strongly agreed).

4.5 Structural equation model
The structural equation model (Appendix 1; Fig 5) demonstrates that four of the
seven hypothesized pathways were statistically significant (p < 0.05); S3 Table shows
results for all variables, including control variables. S4 Table shows results of indirect
effects, and S5 Table shows results of total effects. Goodness-of-fit criteria suggests the
model is acceptable: RMSEA = 0.062, CFI = 0.809, SRMR = 0.062.
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Figure 5. Structural equation model results for the hypothesized model. Thick
arrows show significance (p < 0.05). Standardize coefficients are also shown (b). The
model controls for farmer and farm characteristics, including age, gender,
household income, farm size, education, and bonafide. Goodness-of-fit criteria
suggest an overall good fit: RMSEA = 0.062, CFI = 0.809, SRMR = 0.062. Results of
indirect effects and total effects are in S4 and S5 Tables, respectively.

The model shows that reported hurricane damages and reported past experience
with similar extreme events to Maria are not significantly predictive of the psychological
distance of climate change amongst Puerto Rican farmers, a rejection of H1. Moreover,
none of the control variables (age, gender, farm size, bonafide, education, and income)
were linked to the psychological distance of climate change (S3 Table). However, both
perceived capacity and vulnerability are significant and negatively related to the
psychological distance of climate change (p < 0.05) (H2). In other words, farmers that
perceived climate change as more distant had lower rates of perceived capacity (b = 0.138, p = 0.022), and were less likely to perceive their farms as vulnerable to future
extreme weather events (b = -0.162, p = 0.013). We find no significant direct relationship
between psychological distance of climate change and motivation to adapt; however, we
did find that it had a significant and negative indirect effect on motivation to adapt (b = 48

0.176, p = 0.015). This finding suggests that regardless of farmers’ reporting higher rates
of perceived capacity and vulnerability, motivation to adapt will be negatively impacted
if they are psychologically distant.
Both perceived capacity (b = 0.584, p = 0.013) and perceived vulnerability (b =
0.254, p = 0.001) were positively linked to motivation to adapt, suggesting that higher
rates of both perceived self-capacity and vulnerability were linked to higher rates of
motivation to adapt. Finally, we do not find any significant effect of motivation to adopt
on actual adoption of climate adaptation practices and management strategies, a rejection
of H3. There were also no indirect effects of other variables on our main dependent
variable.
We find no significant relationships between control variables and reported past
experience with similar extreme events (Appendix 1). Regarding reported hurricane
damages, farmers who are participants of the bonafide program of the Puerto Rico
Department of Agriculture were more likely (b = 0.136, p = 0.028) to report higher rates
of damages to their farms due to Hurricane Maria. Furthermore, education level was
negatively linked to reported damages by Hurricane Maria (b = -0.188, p = 0.001),
meaning that increasing levels of formal education were linked to reporting lower rates of
damages.

5. Discussion
This study examined Puerto Rican farmers’ actual adoption of agricultural
practices and management strategies after Hurricane Maria as a function of psychological
distance of climate change, and in relation to perceived capacity, perceived vulnerability,

49

and motivation to adapt. Studies have used psychological distance to climate change to
better understand whether this framing can prompt individual mitigation or adaptation
actions. Moreover, the trend in the literature is that reduced psychological
distance―mainly through experience with extreme weather events―will correlate with
action [26, 32–34, 37, 39, 66]. Our results show a different picture. We found that Puerto
Rican farmers recognize climate change as a local and global issue, suggesting that
climate change is neither psychologically close or far, but instead that farmers have a
psychological awareness of climate change’s impacts across multiple time frames,
geographies, and social constructs. We also found that neither reported experience with
past extreme weather events, nor the reported damages effected by Maria were linked to
farmers’ psychological distance of climate change. Furthermore, farmers overwhelmingly
perceived themselves as having the capacity and motivation to adapt to climate change.
And though psychological distance did not have a direct effect on motivation to adapt, it
did have an indirect effect on it through perceived self-capacity and vulnerability (S4 and
S5 Tables). Thus, perceived self-capacity and perceive vulnerability, potentially, mediate
psychological distance’s effects on reported motivation to adapt. Nevertheless, none of
these variables were found to be significantly linked to actual adoption of agricultural
practices and management strategies after Hurricane Maria. The majority of farmers did
not report adopted practices or management strategies to adapt to future extreme weather
events eight months after Hurricane Maria, and motivation to adapt was not significantly
related to actual adoption. These results highlight that perceived capacity and motivation
to adapt, as well as high levels of climate change belief, are not driving on-farm
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adaptation behaviors, providing important implications for adaptation research and
practice.
Given that farmers actual adoption of agricultural practices and management
strategies was not significantly linked to perceived self-capacity, perceived vulnerability,
and motivation to adapt―variables that have been shown to positively affect decisionmaking around climate change adaptation [9]―future research and practitioners could
focus on drivers and barriers at broader levels (e.g. community, institutional, regional,
national) to strengthen adaptive capacity. The fact that Puerto Rican farmers report
overall perceived capacity and motivation to adapt, and that they understand their farms
to be vulnerable, could suggest that farmers may be open to participate in strategies and
interventions around climate change adaptation, but may lack other capacities beyond the
individual level.
Unlike Spence et al. (2011), we did not find that reported experience with Maria
or the psychological distance of climate change were strongly linked to motivation to
adapt. The structural equation model (Fig 5) showed that perceiving climate change to be
psychologically distant is linked to reporting lower rates of perceived self-capacity. The
same was shown for perceived vulnerability to extreme weather events. Farmers that
perceived climate change to be far were more likely to report lower rates of perceive farm
vulnerability. These findings are consistent with other work [11, 26, 67]. Experiencing
climate change impacts or perceiving it to be close may inform how to manage the
situation to reduce or avoid impacts (increasing perceive capacity), and inform on the
extent of damages those impacts cause (increasing perceived vulnerability) [9, 11, 26, 31,
34]. Nevertheless, farmers’ psychological distance of climate change does not explain
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much of both perceived capacity (R2 = 0.019) and vulnerability (R2 = 0.026). And
farmers also showed awareness of climate change impacts both near and far. This could
suggest that constant experience with impacts (e.g. cumulative hazards or compound
risks) might have become part of the “status quo” [11], and not have a strong influence
on reporting that one is capable to adapt or that the system in which one works is
vulnerable. This assertion, as well as a more nuanced exploration of perceived capacity
and vulnerability, should be further examined.
But perhaps most important, is that we find no relationship between motivation to
adapt and actual adoption eight months after Hurricane Maria, suggesting that other
barriers to adoption exist, especially in areas constantly affected by extreme weather
events. Farmers in Latin America, the Caribbean, and Africa have expressed concern for
climate change at different scales, but such perceptions are poorly linked to actual climate
change adaptation [40, 68–70]. For example, Harvey and colleagues (2018) found that
regardless of perceiving and experiencing climate change risks and impacts, Central
American farmers showed low adoption of adaptation practices in response to climate
change’s impacts, primarily because of low adaptive capacity due to social determinants
and structural barriers, such as level of education, household income, access to disaster
aid, land tenure, and others [67]. Taking into account the damage caused by Hurricane
María and its aftermath, as well as the poor subsequent recovery efforts, our findings
suggest that to strengthen farmers’ adaptive capacity we must look at other determinants
beyond the individual level.
Farmers in Latin America [67, 68], and the Caribbean [70, 71] have been noted to
lack institutional structures of support. In Puerto Rico, Perfecto and colleagues (2019)

52

found that social capital and support networks were pivotal for Puerto Rican coffee
farmers’ recovery after Hurricane María, and that their agroecological practices, such as
agroforestry, and other management styles were not sufficient for farms to be resilient
and resistant within the catastrophic context of Hurricane Maria [54].
Hurricane María affected all of Puerto Rico, causing 2,975 deaths [72], and
decimated the archipelago’s agriculture. As such, we argue that reasons and
circumstances beyond the self (perceptions) deserve more attention to better understand
Puerto Rican farmers’ decision-making, and increase their adaptive capacity. This
conclusion aligns with a recent review by Wilson and colleagues (2020), which showed
that studies on adaptation have taken two roads: one that seeks to understand the role of
social and cognitive variables in adaptation behaviors, and another on how structural
factors enact adaptation [73]. It is important to fill in the research gap on how societal
and governance structures interact with social and cognitive beliefs in eliciting adaptation
behaviors [73].
Our results on overall climate change perceptions, and farmers’ psychological
distance of climate change, align with a study by the Puerto Rican Department of Natural
Resources that state that Puerto Ricans believe in, are aware of, and are concerned about
climate change [74]. Puerto Rican farmers, overwhelmingly, understand that the climate
is changing. This awareness of climate change as a threat is strong in Latin America and
the Caribbean, where farmers and non-farmers are aware of the impacts related to climate
change [68, 75, 76]. Surveyed farmers understand that climate change is happening now
(temporal), that it will affect farmers and non-farmers (social), and that it will affect local
and global agriculture (spatial). These results are in contrast to some existing research
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from the mainland of the U.S., where climate change belief among farmers is not nearly
as high, especially in the perception of its anthropogenic causes [e.g. 77, 78]. Conversely,
these results are more aligned with farmer perceptions of climate change from lowincome countries, where climate change belief is overwhelmingly high [e.g. 79, 80]. This
evidence may suggest that when a threshold for climate change belief is passed (e.g. a
large percent of the population acknowledges the issue, potentially achieved by continued
exposure to extreme events or a collective social understanding), climate change belief
and psychological distance framing may no longer play a significant role in adaptation
behaviors. In other words, when enough people recognize climate change as a problem,
both locally and globally, it may no longer catalyze action for climate mitigation or
adaptation―other barriers may exist. This should be further studied.
Our respondents were heavily affected by Hurricane María; 42.6% reported total
loss, while 45.6% reported significant losses. Given the absolute prevalence of damage
across our population, these outcomes may relate to the fact that we find no relationship
of reported damage to psychological distance. It is important to underscore that the last
hurricane to directly impact Puerto Rico before Maria was 1998’s Hurricane Georges.
Moreover, Puerto Rico, as well as the Caribbean, have experienced concurrent hazards
and been subject to non-landing hurricanes [4, 53, 81]. And given the age span of our
participants, assuming they have lived in Puerto Rico, we can say that they have
experienced over 50 tropical storms and hurricanes [53, 81]. As such, these results further
lend evidence to the idea of a “extreme events” threshold, whereby a certain frequency
and intensity of extreme events no longer impacts climate change belief or psychological
distance. Nevertheless, “experience” in this study was examined through reported actual
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damage by the hurricane, as well as reporting experiencing similar events to Maria in the
past 10 years. Given that experience has been measured in different ways, resulting in
varied results, a future study should inquire deeply about what it means to “experience”
an extreme event, and explore this issue longitudinally [82, 83]. Furthermore, looking at
experience and climate change perceptions from a qualitative perspective could also elicit
a broader understanding about their linkage to experience and adaptation [84].
Summarizing our results and implications, our study shows that the psychological
distance of climate change may not be an appropriate framework to understand
adaptation behaviors, especially in island settings or other regions where climate change
beliefs are overwhelmingly high. Furthermore, as the public sentiment and
acknowledgement of climate change grows [85, 86], it indicates that the framework may
also need reconsideration in other geographical and social contexts. While farmers in
island and disadvantaged areas, who are at the forefront of constant climate changerelated impacts, may have already reached a climate change belief saturation, it could be
forthcoming in other regions and types of people. These results suggest that, if such
things occur, climate change belief will likely not be an important driver of climate
change adaptation. Furthermore, that perceived capacity and motivation to adapt were
also unrelated to actual adaptation behaviors post-hurricane further highlight the need to
examine structural, political, and other non-individual barriers to adaptation. It is
important to understand the degree to which psychological awareness (not distance) of
climate change relates to other adaptation perceptions and decision-making, but this
should co-exist with further efforts to more clearly examine non-individual barriers to
adaptation. Adaptive capacity cannot be reduced to something that is dependent on the
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individual because then we could be contributing on the assertion that the genesis of
vulnerability lies on the individual [87]. Vulnerability to natural hazards is a systemic
issue, and farmers’ adaptation to climate change, as a decision-making process, is subject
to structural interactions that cannot be overlooked.

6. Limitations
We note some limitations in this study. First, to the best of our knowledge, there
is no previous study looking at Puerto Rican or Caribbean farmers’ psychological
distance of climate change before and after an extreme weather event. We lack
information on the issue before Hurricane Maria or other events. This limits our ability to
understand if their psychological awareness is driven by experience. Nonetheless,
Extension Service’s internal data before Hurricane Maria showed that farmers were
aware of climate change’s impacts at different scales. Second, farmers surveyed showed
higher percentage of income from farming than that reported in census data [53], and we
had an overrepresentation of bonafide farmers. Nevertheless, most of the demographic
factors of surveyed farmers here align with those of the latest agricultural census for
Puerto Rico (Table 3). Third, the variables we used to measure experience might not have
capture a nuanced understanding of experience with extreme weather events [82, 83].
Nonetheless, we use variables that have been used in past research regarding the
psychological distance of climate change. Furthermore, given that most farmers surveyed
for this study receive information from, or are linked to the Extension Service, this might
suggest that they have higher access to information and resources, which may affect their
understanding of climate change and other related issues. As research in island systems
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on this topic continues to grow, there is opportunity for broader engagement with
farmers, including those not directly integrated with the Extension Service. We also
acknowledge that single item measurements for perceived self-capacity, vulnerability,
and motivation is a limitation. This is something that can lead to mono-operation bias.
Future studies could investigate these concepts through different constructs,
quantitatively and qualitatively. Regarding our main dependent variable, we did not
evaluate types of practices (e.g. if they are recommended for adaptation) or how other
variables than those related to adaptation perceptions had direct effects on actual adoption
of agricultural practices. We understand this to be a limitation.

7. Conclusion
Farmers’ adaptive capacity must be strengthened to decrease their vulnerability to
natural hazards. In order to do so, perceptions around adaptation and risk should be
considered given that climate change adaptation―a set of decisions at the individual
level―is one key action to increase adaptive capacity. Here we examined the extent to
which Puerto Rican farmers’ adoption of agricultural practices to prepare for future
events after Hurricane Maria relates to adaptation perceptions as a function of their
psychological distance of climate change. We found that Puerto Rican farmers are
psychologically aware of climate change impacts at different levels―local to global.
These findings contrast with research in continental and high-income countries that seeks
to reduce psychological distance to climate change amongst individuals to prompt
mitigation and adaptation actions. And though farmers perceived their farms to be
vulnerable to future extreme weather events, they report to perceive themselves capable
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and motivated to adapt to climate change. Nevertheless, none of these variables were
linked to their actual adoption of agricultural practices and management strategies after
Hurricane Maria. As a result, we suggest that factors beyond the individual, including
institutional frameworks of support, must be better understood. Research on the
psychological distance of climate change should consider that we may have reached a
threshold where climate change perceptions are not significant drivers of change. Hence,
we suggest that understanding peoples’ “psychological awareness of climate change” and
its relation to the social-ecological dynamics could provide a more nuanced
comprehension of climate change adaptation than focusing on how being “close” or “far”
enacts change.
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CHAPTER 2
Puerto Rican Farmers' Obstacles Toward Recovery and Adaptation Strategies
After Hurricane Maria: A Mixed-Methods Approach to Understanding Adaptive
Capacity

Rodríguez-Cruz, LA., Moore, M., Niles, MT. (2021) Frontiers in Sustainable Food
Systems. 5:662918

1. Summary
Farmers across the globe are experiencing compounding shocks that make evident
the need to better understand potential drivers and barriers to strengthen adaptive
capacity. This is especially true in the context of a disaster, where a disruption in the
natural and built environment hinders livelihood strategies and exposes the underlying
dynamics that perpetuate vulnerability to natural hazards. As such, the interconnections
of structural and individual attributes must be considered when evaluating adaptive
capacity. This paper uses a convergent mixed-methods approach to assess Puerto Rican
farmers' actual and intended adoption of adaptation practices, in light of the obstacles
they faced toward recovery after 2017's category four Hurricane Maria, to contribute to
better understanding adaptive capacity. This study uses data from 405 farmers across
Puerto Rico (87% response rate), surveyed 8 months after Maria by agricultural agents of
the Extension Service of the University of Puerto Rico at Mayagüez. Quantitative data
was assessed through negative binomial regressions (actual adoption) and generalized
linear models (intended adoption), while qualitative data (reported obstacles) were
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analyzed through thematic analysis. This study found that almost half of farmers adopted
an adaptation practice after Maria, and that in many cases, broader structures, such as
systems of governance, farmers' social networks, and infrastructure, affect adaptive
capacity more than individual perceptions of capacity. Future adaptation strategies and
interventions, especially in the context of disaster, should consider the extent to which
structural factors hinder individuals' ability to prepare for, respond, and recover from the
impacts of these shocks. Our results show that there might be opportunity to enact new
systems in light of catastrophic events, but this does not solely depend on individual
actions. The mixed-methods approach used can inform future studies in better assessing
adaptive capacity from a standpoint that incorporates individual and structural
components.

2. Introduction
Farmers across the globe are facing multiple compounding shocks, such as
devastating hurricanes and severe droughts. These impacts are likely to become more
frequent or intense in a changing climate (IPCC, 2014; Zhang et al., 2020), and thus it is
increasingly important to understand the barriers and drivers to strengthen farmers'
adaptive capacity—the available resources or assets to mitigate, prepare for, counter, and
recover from impacts (Brooks and Adger, 2005; Gallopín, 2006; López-Marrero, 2010;
Wisner et al., 2012; Cinner et al., 2018; Barnes et al., 2020; Phillips et al., 2020). Since
farmers are embedded within social-ecological systems, it is important to recognize that
adaptive capacity is comprised of various determinants that may extend beyond the
individual to the institutional or systemic levels: political regulations, poverty,
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vulnerability to extreme events, and others (Reed et al., 2013; Shinbrot et al., 2019;
Doran et al., 2020). Hence, when evaluating adaptive capacity, its determinants must be
considered across scales (Adger, 2006; López-Marrero, 2010).
This assertion is especially true in the context of a disaster, where a disruption of
the built and natural environments, as well as to day-to-day livelihood activities, reflects
what resources and abilities people have available to manage the situation (Quarantelli,
1992; Wisner et al., 2004, 2012; Adger, 2006; Clay et al., 2018). Disasters are socialhistorical products that highlight people's vulnerability to natural hazards, which to a
great extent is driven by people's exposure and sensitivity to those shocks, as well as their
adaptive capacity (Brooks and Adger, 2005; Gallopín, 2006; Smit and Wandel, 2006;
Ribot, 2014). Decreasing exposure and sensitivity to natural hazards—the rate of being
subject to impacts, and the degree of change due to impacts, respectively—is difficult in
places that due to geophysical and geographical conditions experience a higher
prevalence of natural hazards (Gallopín, 2006; Smit and Wandel, 2006; López-Marrero,
2010; López-Marrero and Wisner, 2012). Thus, focusing on strengthening adaptive
capacity is a crucial step in decreasing vulnerability.
As such, to better understand the adaptive capacity of farmers in a disaster context
from both the individual and societal level, this paper uses a mixed-methods convergent
design (Creswell and Plano-Clark, 2018) to examine the intended and actual adoption of
adaptation practices and strategies of Puerto Rican farmers in the aftermath of Hurricane
Maria, in light of the obstacles they faced to post-hurricane recovery. Hurricane Maria
was the strongest category four hurricane to hit Puerto Rico in 89 years, and the first one
to make a direct impact in 19 years (Castro Rivera et al., 2018; Bang et al., 2019). The
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hurricane made landfall in September 20, 2017, and it triggered a disaster that made
visible how social and political dynamics in Puerto Rico exacerbate vulnerability to
natural hazards (Moulton and Machado, 2019; Bonilla, 2020). Almost 3,000 deaths are
attributed to the lack of access to electricity, water, healthcare, and other basic needs after
Maria's passage (Santos-Burgoa et al., 2018; Bonilla, 2020).
Prior to Maria, agriculture in Puerto Rico was experiencing advancements in
production and its recognition as an important sector in a place where around 85% of
food is imported (Comas-Pagán, 2014; Irizarry-Ruiz, 2016; Álvarez-Berríos et al., 2018).
Hurricane Maria changed this trajectory; the Puerto Rico Department of Agriculture
reported that 80% of agricultural infrastructure and production were lost due to the winds
and rains of Hurricane Maria, which made landfall just 2 weeks after category five
Hurricane Irma impacted the territory. Both storms were part of the 2017 Atlantic
hurricane season, which surpassed meteorological standards and was the costliest season
in record (Bang et al., 2019). Both hurricanes affected many islands in the Caribbean,
making evident that improving adaptive capacity among island systems is key to
furthering adaptation.
Island states and territories are known to face additional vulnerabilities to climate
change because of characteristics, such as exposure to sea-level rise and constant shocks,
coupled with their small economies and territories, isolation, and dependence on imports
(Graham, 2012; IPCC, 2014; Scobie, 2018; Kim and Bui, 2019). The 2017 hurricane
season made evident those underlying conditions, including Caribbean governance
structures that reflect neocolonial relationships (Bang et al., 2019; Borges-Méndez and
Caron, 2019; Bonilla, 2020), and perpetuate the vulnerability of social-ecological systems
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(Quarantelli, 1992; Ribot, 2014). Given the importance of local agriculture for island
food security in the context of response and recovery from shocks, understanding
farmers' adaptation to climate change in light of a disaster—the set of decisions and
processes that allow them to secure agricultural production while safeguarding their
livelihoods (Brooks and Adger, 2005; Jezeer et al., 2019; Shinbrot et al., 2019)–may
provide us with a clearer picture of the interplay between individual and structural factors
in adaptive capacity.
The adoption of agricultural practices and management strategies, such as farm
diversification of products and energy sources, amongst others, allow farmers to offset
impacts in a changing climate and are key to adaptations that can support livelihood
outcomes such as food security (Caswell et al., 2016; Akhter and Erenstein, 2017; Niles
and Salerno, 2018; Fernandez and Méndez, 2019; Anderzén et al., 2020). These actions
can allow farming systems to either return to the prior state before the event (i.e., “bounce
back”), or to transform into new systems that are better suited to changing climatic
circumstances (i.e., “bounce forward”) (Payne et al., 2021). Either option, whether
incremental (e.g., adopting cover crops) or transformative (e.g., changing from
monoculture to diverse farming) is dependent on farmers' adaptive capacity—resources
or assets farmers have access to, which play a key role in such decisions (Holt-Giménez,
2002; Caswell et al., 2016; Barnes et al., 2020; Wilson et al., 2020).
Adaptive capacity is multidimensional, and its determinants span from individual
attributes, such as gender and financial assets, to material and governmental resources
(Table 1). Approaching climate change adaptation by acknowledging adaptive capacity
as a multidimensional component provides a framework to define what resources are
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needed to counter and recover from shocks in a given context (López-Marrero, 2010;
López-Marrero and Yarnal, 2010; López-Marrero and Wisner, 2012). Understanding the
role of how different capacities affect Puerto Rican farmers' actual and intended adoption
of agricultural practices and management strategies after Maria, and their obstacles for
recovery, can enable a more systematic assessment of the barriers and drivers to
strengthen farmers' adaptive capacity, further providing us a better picture of how broader
structures, beyond individual attributes, effect action (Rodríguez-Cruz and Niles, 2021).

Table 1: Determinants of Adaptive Capacity as delineated by López-Marrero et al.,
(2010)
Determinant of adaptive capacity

Description

Agricultural resources

Resources available to carry out current or posthazard agricultural production (e.g., seeds,
agricultural inputs, agricultural machinery,
etc.).

Economic resources

The economic, and financial resources (e.g.,
monetary) farmers have (e.g., earned income,
savings, credit, pensions, transfers from the
state, insurance, etc.), and that are available
(e.g., monetary aids) for adaptation or recovery.

Human Resources

The skills (e.g., training), knowledge (e.g.,
formal education), and awareness (e.g., of
adaptation options, the nature and evolution of
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Determinant of adaptive capacity

Description
hazards), experience, ability to work, and good
health (e.g., food secured) that enable farmers
to pursue adaptive strategies before hazards,
and afterwards for recovery.

Institutions

The availability of critical institutions that
promote and support adaptive strategies
amongst farmers, along with the way they
operate and are structured (e.g., transparent
decision-making, institutional requirement).

Material resources and technology

The infrastructure (e.g., transport, drainage
systems, housing, utilities) and the production
equipment and materials available for
adaptation and recovery; along with
technological systems (e.g., communication
systems, protective structures) available for
adaptation and recovery.

Natural resources

The resources present in the physical
environment (e.g., raw materials, biodiversity)
and/or the services they provide (e.g.,
pollination) that are useful for adaptation.

Perception/cognition

The different views of nature people have,
perceptions of hazards (e.g., likelihood of
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Determinant of adaptive capacity

Description
occurrence and potential damages), perceived
effectiveness of past adaptive actions, perceived
alternatives and perceived capacity to undertake
them or act upon hazard exposure.

Political resources

Power, right, development of political
capabilities or claims farmers can make on the
state, institutions, or those more powerful than
they are (e.g., unions, lobbying, access to
legislature, etc.).

Social resources

The social resources (e.g., informal-horizontal
networks, social mobilization, collective
actions, and relations of trust, reciprocity, and
exchange) upon which farmers can draw for
adaptation and recovery.

Note: Language was modified to focus on farmers (e.g., instead of using the word
people); “agricultural resources” was added, and “food security” was added to “human
resources”. Table content is from López-Marrero (2010).

Farmers' decision-making around climate change adaptation has been studied
from various disciplinary perspectives (Prokopy et al., 2019; Ranjan et al., 2019;
Foguesatto et al., 2020), with mixed conclusions on the extent to which adaptive
capacities impact adaptation outcomes. For example, in contrast to studies in low and
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middle-income countries (e.g., Kassie et al., 2015), adoption of new behaviors among
mainland US farmers is not highly dependent on natural and agricultural resources (e.g.,
land tenure, farm size, etc.) (Prokopy et al., 2019). Furthermore, social, governmental,
and institutional resources, such as belonging to farmer networks, subsidies, and
regulations, influence the degree to which farmers adopt new practices. For example,
access to information sources through social or institutional networks of support that
increase farmers' knowledge on what strategies benefit them, and how to carry them out,
has been shown to be positive for farmers' adaptation (Dang et al., 2018; Bagagnan et al.,
2019; Luu et al., 2019; Raza et al., 2019). Studies have also shown that psychological
factors, such as perceived vulnerability and capacity, for example, play a role in farmers'
adaptation decisions. Wang et al. (2019) found that perceived vulnerability and severity
had an effect on Chinese farmer's intention to adopt pro-environmental practices, and
Niles et al. (2016) found that perceived capacity linked to both intended and actual
adoption of new practices among New Zealand farmers.
Though these studies have shown the importance of integrating different aspects
of adaptive capacity, there is still a gap in triangulating the role of individual and
structural aspects of adaptation behaviors (Foguesatto et al., 2020; Wilson et al., 2020;
Rodríguez-Cruz and Niles, 2021). Much of the literature has either focused on the
intention to adopt or actual adoption, and has not considered both within the same
population (Niles et al., 2016). Furthermore, adaptation literature has been limited in
intersecting individual (intrapersonal) and societal (interpersonal) components. Here we
address these gaps by focusing on Puerto Rican farmers during their recovery period
from Hurricane Maria and examine the multiple facets of adaptive capacity and their
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relationship to intended and actual adaptation practice adoption. This paper intends to
contribute to current conversations on how to understand and approach adaptive capacity
in a way that analyzes multiple components. We do not aim to assess the efficacy of the
practices and strategies toward adaptation. Rather, we aim to provide a different
methodological perspective that can improve our assessment of what may be needed to
improve adaptive capacity.
As such, we ask the following: (1) What obstacles did farmers experience that
thwarted the recovery of their farms after Hurricane Maria, and what determinants of
adaptive capacity are reflected within them? (2) What were farmers' actual and intended
adoption of agricultural practices and management strategies after Hurricane Maria? (3)
What determinants of adaptive capacity explain actual and intended adoption, and how
do they compare? (4) How do farmers' reported obstacles to recovery post-Maria
compare with intention to adopt and actual adoption of farm management practices and
adaptation strategies?
The literature in the Caribbean and Central America, regions affected by Atlantic
hurricanes, has shown that adaptation is highly dependent on structural (social,
governmental, and institutional) and income-related factors (economic, material and
technological). Thus, we expect that variables reflecting these factors will be significant
in both actual and intended adoption (H1). Furthermore, though research has shown that
perceptual factors are not pivotal to Puerto Rican farmers' adoption of practices
(Rodríguez-Cruz and Niles, 2021), we expect these factors to be related to intended
practices (H2). Lastly, it is known that Hurricane Maria caused significant damage in
Puerto Rico, and that subsequent recovery efforts failed to safeguard lives and wellbeing
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(Santos-Burgoa et al., 2018; Bonilla, 2020). Thus, we expect that farmers' self-reported
obstacles will reflect the role of broader structures (governmental, institutional, and
societal) in the recovery of their farms (H3), as well in the type of practices they
actualized, and intended to carry out (H4).

3. Materials and methods
3.1 Survey sample
A mixed-methods survey, informed by previous studies (Spence et al., 2011;
Haden et al., 2012; Niles et al., 2015; Niles and Mueller, 2016; Singh et al., 2017), was
developed in English, and translated to Spanish, to capture Puerto Rican farmers'
perceptions and opinions around their experience with Hurricane Maria and climate
change. The overall objectives of the main project focused on understanding farmers'
adaptation and food security outcomes in light of farmers' recovery from Hurricane Maria
(Rodríguez-Cruz and Niles, 2020). The study received approval by the Institutional
Review Board of the University of Vermont in December 2017.
A pilot with a pool of diverse farmers (n = 31) was carried out in February 2018,
and results were shared with partners at the Extension Service of the University of Puerto
Rico at Mayagüez. The survey received minimal language and structure corrections.
Data used for the present study were a sub-set of survey questions (both closed
response and open-ended), concerning farmers' demographics, questions that reflected
adaptive capacity resources, adaptation perceptions, actual and intended practices, and
reported obstacles. Some variables were converted (e.g., Likert scale to binary) to better
group individuals, and because some had concentrated answers in two items (e.g., agree
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and strongly agree). Table 2 shows independent variables used in this study, and Table 3
shows agricultural practices and management strategies asked about in the survey.
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Table 2: Independent variables used in quantitative models. Each variable is categorized to reflect an adaptive capacity determinant.
Determinant

Question/Statement

Agricultural, Natural What agricultural products have you
produced, currently produce or plan to

Variable name

Scale

Rationale

Agricultural

Aggregated count variable

This variable is a proxy for agricultural

production

diversity, which has been shown to provide

produce in the future on your farm? Check

benefits (e.g., ecosystem services) that

all that apply.

increase farms resistance to impacts, and
supports recovery.
Farm size

Continuous

farm?

Farm size has been shown to be related to
livelihood and adaptive capacity outcomes
across regions.

Human

What is the highest level of education you

Education

have completed? Mark one

Binary (1 = Some college

Attaining formal education levels is related

or more; 0 = High school

to livelihood and adaptive capacity

diploma or less)

outcomes through increasing household
assets (e.g., higher income)

Human

What is your gender?

Gender

Binary (1 = Female; 0 =

Farmers identified as females have been

Male)

shown to face several constraints in
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Agricultural, Natural How many cuerdas do you manage in your

Determinant

Question/Statement

Variable name

Scale

Rationale
achieving livelihood outcomes, such as
food security.

Human

How many years have you been a farmer?

Years as farmer

Continuous

This variable was highly correlated with
age. This variable was included because
years farming may reflect traditional and
local knowledge of farming. As well as

Physical, Political,

In what municipality your farm is located?

Metropolitan

Dummy (1 = Farm in

Puerto Rican municipalities are categorized

Institutional,

metropolitan municipality;

by the Junta de Planificación as

Governmental

0 = Not metropolitan)

metropolitan based on location (near big
cities or coast) and population size.
Metropolitan municipalities have higher
access to physical assets (e.g., roads) and
governmental and institutional agencies.

79

farmers experiences with past events.

Determinant

Question/Statement

Variable name

Scale

Rationale

Physical,

-

Extension

Categorical (dummy)

A categorical variable based upon reported

Institutional,

region

municipalities where farms are located.
This variable was created to group farmers

Governmental

based on the Extension office that gives
them service.
Are you a “bona fide” farmer of the

Governmental

Department of Agriculture?

Bona fide

Binary (1 = Yes; 0 = No)

To be bona fide, 51% or more of farmers’
income must come from agriculture. This
certification provides farmers with
economic benefits (e.g., exemptions,
incentives, etc.) and formal recognition by
the Puerto Rico Department of Agriculture.

Economic

What is your approximate household

Household

Binary (0 = Less than

Household income has been a key variable

income, including all far and off-farm

income

$20,00; 1 = $20,000 or

in reflecting people’s adaptive capacity. It

more)

is assumed that a higher income relates to

income?

access to other assets and higher wellbeing.
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Economic,

Determinant

Question/Statement

Variable name

Scale

Rationale

Economic

How do you sell your products? Check all

Access to

Aggregated count variable

Having a diversity of ways to sell products

that apply

markets

may be beneficial for farmers’ adaptive
capacity in that it allows them to have
more opportunities in selling their
products.

Which of the following organizations and

Contact scale

Aggregated count variable

Farmers were asked about the

institutions, if any, have you received

organizations and institutions that have

information from related to adapting to

provided them with information on climate

climate-related impacts?

change adaptation. This variable allows us
to proxy social networks and access to
diverse sources of support, which aid in
adaptive capacity.

Perception/cognition

I feel that I have the capacity to change my

Perceived

Binary (1 = Strongly agree,

Perceived capacity composes diverse tested

agricultural practices to adapt to future

capacity

0 = agree and below)

behavioral theories, such as the Theory of
Planned Behavior. Individuals’ perceived
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Social, Institutional

Determinant

Question/Statement

Variable name

Scale

Rationale

potential extreme weather events like

capacity to change a behavior or assume a

Hurricane Maria.

new one has been shown to preclude actual
behavior. Nevertheless, its role on behavior
change varies. Furthermore, perceived
capacity can reflect access to external
assets that may motivate the individual to

Perception/cognition

I believe my farm is vulnerable to future

Perceived

Binary (1 = Strongly agree,

Perceived vulnerability or risk can be a

extreme weather events like Hurricane

vulnerability

0 = agree and below)

motivator for individuals to enact change

Maria.

that reduces that vulnerability or risk.
Moreover, the perception of vulnerability
can be useful to understand an individual’s
social-ecological context.
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change or assume new behavior.

Determinant

Question/Statement

Variable name

Scale

Rationale

Vulnerability

How would you describe the damages, if

Hurricane

Binary (1 = Total loss, 0 =

This variable is used as a proxy that

context

any, caused by Hurricane Maria to your

damage

Significant loss or other

reflects farmers’ exposure and sensitivity

damages)

to Hurricane Maria. Direct damage from a

farm?

natural hazards can also reflect the severity

Table 3: Categorized agricultural practices and management strategies to adapt to future extreme weather events like Hurricane Maria asked to farmers. Frequencies and
reliability measures are shown: Kuder-Richardson Formula 20 for actual adoption’s binary variables (KR-20), and Cronbach’s alpha for intended adoption’s Likert-scale
variables (α).
Category

Practice or management strategy

KR-20

α

0.6471

0.6551

Acquire new insurance or improve current insurance
Market oriented and capital-intensive growth

Acquire solar panels

practices and strategies

Apply more synthetic inputs
Expand agricultural land
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of the impact.

Improve irrigation systems
Increase tillage
Seek new agricultural markets
Crop rotations
Decrease tillage
Ecological transition practices

Diversify crops
Integrated pest management

0.8005

0.6725

Switch from a perennial to an annual crop
84

Switch from an annual to a perennial crop
Collect rainwater for irrigation
Contouring
Natural design practices

Plant native species
Plant trees to reduce erosion
Use compost
Use mulch

0.8338

0.8460

The survey was deployed by local agricultural agents of the Extension Service
who acted as enumerators of the survey, between May and July 2018, 8 months after
Hurricane Maria. To access a diverse and substantial number of farmers, 440 surveys
were distributed in the five regions that the Extension Service covers across Puerto Rico:
Arecibo, Caguas, Mayagüez, Ponce, and San Juan. One hundred surveys were sent to
each of the administrative offices of Caguas, Ponce, and San Juan; 70 were sent to each
in Arecibo and Mayagüez, as per recommendation of Extension personnel. Agricultural
agents then randomly surveyed farmers that were connected to Extension or had received
services from it in municipalities of each region. This approach was recommended by
Extension colleagues to access a diverse range of farmers (e.g., mixed, banana, plantain,
dairy, poultry, etc.) from across Puerto Rico.

3.2 Place and population
Puerto Rico is the smaller of the Greater Antilles of the Caribbean. It is an
unincorporated territory of the United States, with a population of ~3.3 million people
(US Census Bureau, 2020). As most islands in the region, Puerto Rico has seen a
decrease in farms and food production since the 1990s due to trade liberalization and
unbalances, economic situations, influx of imports, and other external and internal factors
that make local food production and access difficult (Weis, 2007; FAO, 2014; Lowitt et
al., 2015; Irizarry-Ruiz, 2016). While it produced about 40% of its food needs in the
1980s, Puerto Rico currently only produces around 15% (Carro-Figueroa, 2002; Gould,
2015; Irizarry-Ruiz, 2016; Gould et al., 2017). The territory is also undergoing a social
and political crisis due to high debt (Bueno, 2017; Félix and Holt-Giménez, 2017;
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Bonilla, 2020). Within that context, the agricultural sector was experiencing
improvements in production, access to local markets, and other opportunities prior to
Maria (Comas-Pagán, 2014; Irizarry-Ruiz, 2016; Gould et al., 2017). Governmental and
community-based efforts were focused on supporting current and new farmers before
2017's hurricanes. These efforts were halted by the impacts of both hurricanes Irma and
Maria. The Puerto Rico Department of Agriculture (2018) reports that these two
hurricanes caused $2 billion in damages, Maria being the most significant of the two in
terms of agricultural losses ($228 million in production losses, and $1.8 billion in
infrastructural losses). For example, reports indicate that the plantain sector suffered $72
million in damages, while the banana sector suffered $19 million. Other heavily affected
sectors were coffee ($18 million), dairy ($14 million), and poultry ($6 million).
Though both impacts decimated Puerto Rico's agricultural sector, farmers have
experienced a significant quantity of natural hazards since 2017, such as intense storms,
and severe droughts (Gould, 2015; Díaz et al., 2018; López-Marrero and Castro-Rivera,
2018, 2019; Rodríguez-Cruz and Niles, 2021). Even a category one hurricane can easily
damage local agriculture. Many of Puerto Rico's high value crops, such as coffee,
bananas, and plantains, are very susceptible to temperature change and moderate winds.
Moreover, important farmland is located in coastal areas, which is susceptible to erosion,
and seawater intrusion to aquifers (Díaz et al., 2018). US Congress' Fourth National
Climate Assessment (2018) concluded that rainfall patterns will change, and water
availability will likely decline for Puerto Rico, coinciding with rising temperatures that
contribute to the occurrence of recurring droughts in the future. Those impacts are
occurring simultaneously with stronger storms (Díaz et al., 2018).
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Puerto Rico's farmers produce mainly for domestic markets, and work small to
medium farms according to the USDA. Subsistence farming is not typical in Puerto Rico.
The 2018 census states that most farmers in the territory (or principal operators) have a
household income < $20,000, significantly less than the US average, which exceeds
$60,000 (USDA ERS, 2020). Puerto Rico's average household income is $20,539 (US
Census Bureau, 2020). The USDA defines a Puerto Rican farm as a location where $500
or more of agricultural products are produced or sold. Between 2012 and 2018, Puerto
Rico saw a decrease in farms (USDA NASS, 2020). There were 13,159 farms in 2012—
when the last census was carried out–, with, 8,230 farms reported in the current census
(USDA NASS, 2020). Today, most farms are <100 cuerdas (Puerto Rico's traditional
land measure) or 97 acres (an average of 59.3 cuerdas), and are mostly family or
individual farms. There are large farms that run extensive monocultures, but many of the
small-medium farms produce a diverse array of agricultural products (Álvarez-Febles and
Félix, 2020). It is important to note that many other farms, such as community-supported
agriculture projects and others, are not counted in the census or are not directly linked to
the Puerto Rico Department of Agriculture.

3.3 Qualitative analysis
The survey asked farmers to state at least three obstacles faced during the
recovery of that their farming operations. Farmers' responses to this open-ended question
were analyzed using double coding through thematic analysis with a priori codes
(Creswell, 2014, 2016). Responses were translated from Spanish into English by the first
author, and then transcribed to a Microsoft Word document, which was uploaded to
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NVivo v.12 (QSR International, 2019). Given the purposes of this study, an a priori
coding frame, accompanied by code definitions, was used to categorize the reported
obstacles into nine nodes (or themes) following the nine determinants of adaptive
capacity adapted from López-Marrero (2010) shown in Table 1. Authors LARC and MM
(coders) first agreed upon the codes and coded the first 10 responses together. In order to
establish transparency and consistency within the coding (O'Connor and Joffe, 2020),
intercoder reliability (ICR) was evaluated following a first round of coding by
quantifying the degree of consensus using percentage of agreement. More than 90% is
considered highly reliable (Lavrakas, 2008). Two nodes, agricultural resources and
economic resources, did not score more than 90% agreement after the first round of
coding. Thus, after the coders discussed divergences and reached consensus, a second
round of coding was undertaken. The second assessment successfully achieved more than
90% ICR in all nodes (Appendix 2). Codes with the highest frequency within each theme,
and quantification of such themes to identify coverage and percentages, were evaluated
using Nvivo 12's hierarchy chart wizard and word cloud function.

3.4 Quantitative analysis
The survey asked farmers to state the agricultural practices and management
strategies that they were considering adopting in the future or that they had adopted since
Hurricane Maria (~8 months prior to the survey) in a close-ended question with precoded responses. The responses included a list of practices which list of practices was
developed based upon conversations and recommendations from colleagues at the
Extension Service and at the University of Vermont with expertise in agriculture and
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climate change. The survey asked, “Which of these agricultural practices and
management strategies, if any, might you adopt in the near future to adapt to future
extreme events like Hurricane Maria?” (Table 3). Hereafter, these practices and strategies
will be referred to as “adaptation practices.” The 22 practices were included as a list in a
table. The first column stated, “Currently in use” (binary, yes or no), and the subsequent
columns represented a 5-point Likert scale for adoption (from very unlikely to very
likely). The binary column was used to assess actual adoption, and the Likert scale to
assess intended adoption. The list was also intended to include practices recommended
for adaptation or for conservation of natural resources, as well as other conventional or
common practices in Puerto Rico and the contiguous United States. It is important to note
that the objective was to assess what practices or strategies farmers understand to be
helpful for adaptation, and not to evaluate if those decisions are adaptive or maladaptive.
Variables that had n <20 were excluded from the analysis (e.g., “stop farming” and
“forage conservation”), since they represented <5% of total respondents.

3.4.1 Actual adoption
Actual adoption of agricultural and management strategies following Hurricane
Maria was assessed through binary variables where farmers indicated “currently in use,”
as noted above. We used Kuder-Richardson-20 Reliability Tests in Stata 15.1, which test
internal consistency or scale reliability of binary items (Kuder and Richardson, 1937) and
range from 0 to 1 in ascending reliability (Table 4). This test is similar to assessing
Cronbach's alpha, which evaluates internal consistency of scale variables (Nunnally,
1978). Two categories had KR-20s > 0.80, which are acceptable determining internal
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consistency or reliability of a group of items, and one had a coefficient > 0.60, which is
reasonable (Nunnally, 1978). Each groups' variables were summed to create three new
aggregate count variables for analysis: (1) Market oriented and capital-intensive growth,
(2) Ecological transition practices, and (3) Natural design, as well as fourth aggregate
count variable of all practices combined (Table 3). The first group had seven practices;
the second and third groups were composed of six.

Table 4: Descriptive statistics of independent variables. Frequency and percentages of
responses, as well as mean and standard deviation (SD) are included.
Variable

Scale

Frequency Mean ± SD

n

(%)
Contact scale

Continuous

-

2.3 ± 2.1

398

Agricultural production

Continuous

-

2.2 ± 2.0

402

Bona fide

Yes

210 (52.8) -

No

188 (47.2)

High school diploma or

131 (32.7) -

less

270 (63.3)

Education

398

401

Some college or more
Farm size

Continuous

-

58.1 ± 98.5

383

Gender

Female

55 (14.0)

-

395

Male

340 (86.0)

Less than $20,000

138 (36.4)

More than $20,000

241 (63.6)

Income

90

379

Markets

Continuous

-

Metropolitan

Metropolitan

229 (58.0) -

Non-metropolitan

169 (42.0)

High perceived capacity

192 (50.4) -

Low perceived capacity

189 (49.6)

High perceived

264 (66.5) -

vulnerability

133 (33.5)

Perceived capacity

Perceived vulnerability

1.2 ± 1.0

401
398

381

397

Low perceived
vulnerability
Region

Damage

Years farming

Arecibo

57 (14.3)

-

398

Caguas

88 (22.1)

Mayagüez

76 (19.1)

Ponce

92 (23.1)

San Juan

85 (21.4)

Total loss

229 (57.4) -

399

Significant loss

170 (42.6)

Continuous

-

20.5 ± 15.3

392

Model development considered distribution of the count variables. We
implemented a Poisson regression to test the model, but model assumptions were not met
on multiple factors (Likelihood ratio test showed over dispersed data: LR test of alpha =
0: chibar2(01) = 649.22, Prob ≥ chibar2 = 0.000, and the Poisson regression assumption
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of identical means and variances was not met). Instead, we used a negative binomial
regression (nbreg) to fit over-dispersed data. We developed four nbreg models, with
clustered errors for municipalities, utilizing Stata 15.1

3.4.2 Intended adoption
Intended adoption was evaluated through scale variables (5-point Likert) of the
list of practices and management strategies. Three scale variables were created to
understand likelihood of intended adoption, using the same categorization of actual
adoption scales, with Cronbach alpha acceptable at >0.65 (Nunnally, 1978). As with all
of the actual adoption variables, a single variable was created with all the intended
adoption practices (alpha = 0.86). We used generalized linear models with clustered
errors around municipalities to account for spatial correlation (Nichols and Schaffer,
2007). Distribution of scale variables show similitude to both Gaussian and Gamma
distributions. In order to choose the best family distribution to build the models, Akaike
information criterion (AIC) and the Bayesian information criterion (BIC) were used to
compare across generalized linear models with either Gaussian or Gamma distributions.
The models yielded better fit with Gaussian distributions (Appendix 2). Thus, the
generalized linear models used Gaussian as the family choice, and “Identity” as the link
choice.
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4. Results
4.1 Descriptive statistics
A total of 405 farmers answered the survey through Extension enumerators,
resulting in an 87% response rate. Farmer and farm characteristics, which were
categorized under different adaptive capacity resources, varied across respondents (Table
4). On average, farmers surveyed had 58 cuerdas (56.3 acres or 23 hectares), were 54
years old, and had been farming for 20 years; results that align with census data for
Puerto Rican farmers (USDA NASS, 2020). The majority of respondents were male
(86%) and reported a household income of $20,000 or more (64%), which also aligns
with recent census data. Nevertheless, we had an overrepresentation of bona fide farmers
(53%). Farmers reported being connected to an average of two organizations or
institutions (min = 0, max = 11), that provide them support around climate change
adaptation, and reported selling their products to one of the listed venues, on average
(min = 1, max = 5).

4.2 Qualitative analysis
While 345 farmers (90%) responded that they had faced significant obstacles
toward recovery, only 333 provided responses to the open-ended question. Farmers
identified many obstacles to their recovery related to their adaptive capacity (agricultural
resources, economic resources, human resources, institutions, material resources and
technology, natural resources, perception/cognition, political resources and social
resources) (Table 1). Table 5 shows the coverage percentages of each of the identified
themes, and also displays the most prevalent references within each theme. Obstacles
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most mentioned by farmers were related to institutions and institutional support (27.0%),
material resources and technology (26.1%), economic resources (26.2%), and agricultural
resources (24.3%). Obstacles that fell under themes of perception/cognition (0.07%),
natural resources (2.6%), and social resources (4.3%) were the least mentioned. Within
each theme, we also evaluated the most prevalent references within a theme.

Table 5: Coding coverage ―the percentage of content coded- for each set of adaptive
capacity themes.
Theme

Coverage

Most prevalent references

Institutions

27.0%

Issues with the government, such as
frustration with government
bureaucracy, insufficient support from
governmental institutions, and lack of
general aid

Economic resources

26.2%

Loss of income, delayed insurance
payment, cost of workforce, and
financial assets (e.g., available cash)

Material resources and

26.1%

technology

Access to electricity, machinery, and
water; physical access to farms (e.g.,
because of fallen trees and landslides).

Agricultural resources

22.8%
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Lack of seeds

Human Resources

7.9%

Lack of laborers or human assistance
to help with post-hurricane cleanup and
reconstruction.

Political resources

5.5%

Negotiating with governmental
agencies

Natural resources

4.3%

Pests, lack of flowers, erosion

Social resources

2.8%

Focused advice from specialized
advisors.

Perception/cognition

0.1%

Feelings of abandonment

In addition, from the cloud analysis, we can see that the top 10 words mentioned
in farmer responses to our open-ended question regarding their top obstacles to recovery
overall were: “lack,” “insurance,” “seeds,” “agricultural,” “electrical,” “energy,”
“economic,” “aid,” “laborers,” and “water.” Many of these words reflected resources or
structural components of a system (e.g., electricity, energy, aid) that are often related to
institutional support.

4.3 Quantitative analyses results
4.3.1 Actual adoption results
Figure 1 shows farmers' reported actual adoption and management practices.
Overall, the top five practices implemented after Hurricane Maria were: integrated pest
management (n = 97, 24.4%), crop rotation (n = 84, 21.2%), crop diversification (n = 78,
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19.6%), contouring (n = 68, 17.1%), and composting (n = 65, 16.2%). We find that 49%
of farmers adopted any new practices after Hurricane Maria.

Figure 1. Farmers' reported actual adoption of adaptation practices and strategies
after Hurricane Maria.

Table 6 shows results with significance for the four models that evaluated the
relationship between actual adoption outcomes and adaptive capacity resources or assets.
Supplementary Table 3 shows full model results. In the first model (actual adoption of all
practices) we found that farmers with higher levels of education (β = 0.5780, IRR =
1.7824) and those that reported total loss of their farms (infrastructure and production)
due to hurricane winds, rain, and landslides (β = 0.6665, IRR = 1.9474), were more likely
to report higher number of practices adopted after Hurricane Maria (Table 6). We
expected that variables around structural and financial assets, such as social, agricultural,
economic, and material resources would be significant. These results were not aligned
with that expectation (H1).
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Table 6: Significant results for four separate negative binomial regression models
predicting actual adoption of farm and management practices. Supplementary materials
table 3 shows full results, including estimates (β), robust standard errors (SE),
significance (p), 95% confidence intervals (CI), and incident rate ratios (IRR).
Models and dependent variables

Independent variables

Model 1: Actual adoption of all practices

Education*

β

p
0.003

0.5780
Damages*

0.001
0.6665

Model 2: Actual adoption of market oriented

Damages*

0.7343

and capital-intensive growth practices and
strategies
0.000

Model 3: Actual adoption of ecological

Agricultural production*

transition practices

Education*

0.1207

0.014
0.001

0.5483
Damages*

0.6467
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0.002

Models and dependent variables

Independent variables

Model 4: Actual adoption of natural design

Contact scale*

practices

Education*
Farm size*

β
0.1453

p
0.013
0.000

0.9138

0.038

- 0.0041

* p < 0.050

In examining the specific types of market oriented and capital-intensive growth
practices and strategies adopted (Model 2), we found that total farm loss (damages) was
the only significant variable (β = 0.7343, IRR = 2.0840, p < 0.05) (Table 6). This result is
counterintuitive because no variable related to economic or material resources was found
significant (H1). In model 3, actual adoption of ecological transition practices, we found
that the number of agricultural products produced (β = 0.1207, IRR = 1.1282), farmers'
levels of formal education (β = 0.5483, IRR = 1.7303), and reporting total loss of farms
(β = 0.6467, IRR = 1.9093) were significant predictors of adoption (p < 0.05) (Table 6).
Finally, we found in the fourth model (Actual adoption of natural design
practices) that the number of reported organization or institutions that have provided
services to farmers (contact scale) (β = 0.1453, IRR = 1.1564), education (β = 0.9138,
IRR = 2.4936), and farm size (β = −0.0041, IRR = 1.0000), were significantly correlated
(p < 0.05) with conservation practice adoption after Hurricane Maria (Table 6). These
results demonstrate that farms with higher number of contacts and higher education (or
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greater social and human capital) were more linked to adoption, while larger farms were
less likely to have adopted conservation practices.

4.3.2 Intended adoption results
Figure 2 shows farmers' intended adoption practices and strategies, and
Supplementary Table 4 shows the tabular results. Respondents' top reported practices and
management strategies to adopt in the future (likely and very likely to adopt) were:
integrated pest management (80.5%), diversification of crops (78.0%), seeking new
agricultural markets (74.8%), acquiring new insurance or improving current insurance
(72.4%), and crop rotations (71.4%). In general, intention to adopt results contrasted with
those of actual adoption.

Figure 2. Farmers' intended adoption of adaptation practices and management
strategies after Hurricane Maria.
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Four generalized linear models were carried out to assess intended adoption
outcomes (Table 7). Full model results are shown in Appendix 2, while significant results
are shown in Table 7. We found no significant variables in Model 5 (Intended adoption
across all practices and management strategies). In Model 6 (Intention to adopt market
oriented and capital-intensive growth practices and strategies), perceived capacity
significant (β = 0.2343, p < 0.05) was correlated with higher adoption intention (Table 7).
In the 7th model (Intended adoption of ecological transition practices) being a bona fide
farmer (β = −0.3243, p < 0.05) was negatively correlated with intention to adopt,
meaning that those that reported being part of that program of the Puerto Rico
Department of Agriculture, had lower intention rates to adopt such practices (Table 7). In
the last model (8), exploring intended adoption of natural design, two variables were
significant (p < 0.05). Producing a higher number of agricultural products (Agricultural
production) was correlated with higher intention to adopt conservation practices (β =
0.0902) while reporting a total loss (damages) (β = −0.2663) was negatively correlated
with intention to adopt those practices.

Table 7: Significant results of generalized linear regression models for farmers intended
adoption. Full results are shown in supplementary materials table 5, including estimates
(β), robust standard errors (SE),and 95% confidence intervals (CI) are shown.
Dependent variables

Independent variables

Model 5: Intended adoption of all
practices1
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β

p

Dependent variables

Independent variables

Model 6: Intended adoption of market

Perceived capacity*

β

p

0.2343

0.048

Bona fide*

- 0.3243

0.014

Intended adoption of natural design

Agricultural

0.0902

0.004

practices

production*

oriented and capital-intensive growth
practices and strategies
Model 7: Intended adoption of
ecological transition practices

Damages*

- 0.2663 0.028

* p < 0.05
1

No variable was found to be significant.

5. Discussion
This paper assessed Puerto Rican farmers' actual and intended adoption of
adaptation practices and management strategies in light of the obstacles they faced
toward recovery after Hurricane Maria. It aimed to understand potential barriers and
drivers for strengthening adaptive capacity through a mixed-methods approach, in order
to provide a new approach to understanding adaptive capacity in a disaster context. We
find that drivers for actual adoption vary from factors related to intended adoption of
adaptation practices, and that almost half of all farmers in our survey had actually
adopted a practice or strategy in the 8 months since Hurricane Maria. Furthermore, we
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find that the majority of farmers faced significant obstacles in their recovery, especially
with institutional support, economic resources, and access to material resources and
technology. Combining quantitative and qualitative data provided a richer understanding
of how individual and structural factors intersect and reflect adaptive capacity.
Contrary to our expectations (H1), variables related to governmental, institutional,
social, economic, and material resources were not the principal drivers for both actual
and intended adoption. Instead, facing a total loss, and having a higher level of formal
education were most related to actual adoption of adaptation practices. Furthermore, we
did not find that perception factors were significantly related to intended adoption,
rejecting H2. Instead, intention to adopt had varying factors across the different
categories of practices and management strategies. Although variables used around the
aforementioned resources were not significant, qualitative data analysis suggests that lack
of broader structures of support, such as expected and timely aid, insurance payments,
and access to services and supplies should be considered in farmers' decision-making
around adaptation and recovery (H3 and H4). These findings reflect how we might
include other questions in future surveys exploring disaster recovery. Future studies
should consider how variables often used to assess the determinants of adaptive capacity,
such as the ones used in this study, might not provide the nuanced information specific to
a disaster context.
One of the major drivers for actual adoption in all models, except for natural
design practices (Model 4), was “total loss.” This contrasts with research in Central
America with tropical agriculture farmers subjected to Atlantic hurricanes, where
farmers' adoption of new practices was not significantly driven by damage experiences
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from extreme weather events, likely because of pre-existing low adaptive capacity
(Harvey et al., 2018). Nevertheless, experiencing risk or climate-related impacts has been
found to be a precursor of adaptation (Salerno et al., 2019). Farmers in our study that
reported total loss were more likely to report a higher number of practices adopted
overall, and in the adoption of market oriented and capital-intensive growth practices and
strategies, as well as higher adoption of ecological transition practices. These findings are
critically important for considering opportunities to rethink agricultural systems, and
provide evidence that farmers may be willing to reconsider transforming their farming
systems after experiencing significant damages that change their farming landscapes.
The finding that higher levels of formal education were linked to all actual
adoption models, except market oriented and capital-intensive growth practices and
strategies (Model 2), suggests that human assets may open doors to access other
resources important for recovery and adaptation, likely through enabling formation of ties
that increase social and structural support (López-Marrero and Wisner, 2012; Kassie et
al., 2015; Caswell et al., 2016; Shah et al., 2019). For example, Model 4 showed that
education was positively linked to adoption of natural design practices, as well as access
to information sources. These findings align with Caribbean research suggesting that
farmers who have external support are likely to adopt practices that support the
environment, while sustaining their production (Lowitt et al., 2015; Saint Ville et al.,
2016; Paul et al., 2017). Research outside the Caribbean supports this as well (Bagagnan
et al., 2019; Žurovec and Vedeld, 2019).
These results suggest that being able to adopt practices to adapt to climate change
or re-envision agricultural systems may occur among farmers with higher levels of
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human capacity. Future studies should focus on farm recovery processes after a
significant shock that alters the working landscape to understand decision-making
processes in rebuilding the system. Taken together, this suggests that total loss events,
while catastrophic, do present opportunities for reinvention, if people have access to the
necessary resources. These results further highlight the need for institutional support and
capacity for farmers without formalized education, or social networks.
Our results also reflect other research showing that actual and intended adoption
may not be driven by the same variables (Niles et al., 2016). While we expected (H2) to
see perceived capacity be a notable factor predicting intended adoption as reflected in the
Theory of Planned Behavior (Ajzen, 1991), as well as perceived vulnerability, we only
find this significant in intention to adopt ecological transition practices (Model 6). These
results further support that perceptual factors around climate change may not be pivotal
in advancing adaptation in places where shocks are consistently experienced (RodríguezCruz and Niles, 2021). On the other hand, being a “bona fide” farmer decreased
likelihood of intending to adopt ecological transition practices (Model 7), which may
help in increasing farmers likelihood of recovering their farms after a hurricane (HoltGiménez, 2002; Rosset et al., 2011). This finding was counterintuitive since bona fide
farmers are recognized officially by the government, which often provides them access to
governmental and institutional resources. However, given the large number of farmers
who reported institutional obstacles for recovery, it is possible that bona fide farmers did
not receive benefits that might otherwise have been available.
Results from the qualitative analysis highlighted that most of the obstacles
reported by farmers stemmed from mechanisms of support (e.g., insurance payments,
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governmental aid, etc.) that were not available for a significant period of time following
Hurricane Maria, varying from several months up to a year. Farmers across all regions of
Puerto Rico voiced the challenges they experienced when attempting to access
governmental agencies, services, and materials and supplies needed to repair their farms
and recover, physically and financially, from the effects of the hurricane. These were
exacerbated by Puerto Rico experiencing the longest blackout in the modern history of
the United States; communications were downed, and many regions of Puerto Rico only
received restored power and water months after the hurricanes' landfall (Masters and
Houser, 2017; Bonilla, 2020). Farmers also noted these obstacles as the third most
common. Furthermore, our analysis suggests that farmers also faced challenges when
accessing social networks of support, likely further challenged by the lack of material
resources and technology. Perfecto et al. (2019) assessed how coffee farms' management,
whether incorporating agroforestry or performing an intensive style, related to the degree
of damages experienced and farm recovery after Maria. The study found that coffee
farmers' recovery after Maria was potentiated by assistance from their social and
community networks of support. And that management style may come secondary in a
catastrophic context (Perfecto et al., 2019). Nevertheless, our qualitative analysis
suggests that farmers may have been constrained in accessing such networks, which
likely affected their overall capacity for recovery. Furthermore, the analysis reflected
farmers disappointment on the state, and unmet expectations regarding aid in a
catastrophic event.
The lack of institutional, economic, and social support likely affected the way that
farmers perceived the practices necessary to adopt to overcome future challenges. We
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found that one of the top intended future practices was to acquire new agricultural
insurance or improve current insurance. Agricultural insurance is one key risk
management tool that farmers in the US use to offset climate-related impacts (Claassen et
al., 2017; Reyes et al., 2020), but this insurance may not be aligned with needs of
farmers, the impacts they face, or their farming systems. On the other hand, it could be
that insurance dynamics (e.g., making payments, answering claims, etc.) might not be
adequately equipped to deal with emergencies such as the one triggered by Hurricane
Maria. Mainland US research has demonstrated regional differences in the role of
insurance as a risk management tool (i.e., important in Midwest, less so in New England)
(Mase et al., 2017; White et al., 2018). In Puerto Rico, agricultural insurance is mostly
managed by the Corporación de Seguros Agrícolas (CSA) of the local Department of
Agriculture. Obtaining payments from this insurance was specifically mentioned
numerous times as an obstacle in our analysis. For example, one farmer noted, “I had
about an acre of yautía insured, and the insurance paid after seven months. I could not
recover any of the yautía.” These results indicate that while insurance likely would have
enabled increased capacity for farm recovery, it too faced many barriers, which prevented
farmers from receiving the money from their insurance claims in a timely manner. This
finding also suggests that in the aftermath of Maria, or in the context of disaster, where
“normal” means of communication and accessing resources are disrupted, bureaucracy
may not have the capacity to manage these challenges. Thus, there is an important need
to improve agricultural insurance delivery in future disaster contexts, especially if more
farmers intend to invest in these services.
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Our study further suggests that broader structures, such as systems of governance,
farmers' social networks, in relation to infrastructure, policy, and public health, play a
significant role in farmers' adaptive capacity. Hurricane Maria, as a disaster, made
evident that Puerto Rico's political and social characteristics must be taken into account
when aiming to understand adaptive capacity.
We note several limitations of our study, all of which are important for future
research. First, we did not ask farmers if they had insurance prior to Maria, so we do not
know if their insurance adoption is new or additional. Nevertheless, the survey did ask
farmers if they had insurance at the time (8 months after landfall), and 53% stated that
they did. Most of them reported that their insurance was with the Corporation of
Agricultural Insurance of the Puerto Rico Department of Agriculture. Much of this
paper's qualitative data indicated that farmers had insurance at the time of Maria, and
show the difficulties experienced in assessing the funds. Future research could look more
deeply to the extent to which agricultural insurance in Puerto Rico relates to adaptive
capacity outcomes. Second, we are assuming that reported actual adoption was indeed
only adopted after Maria, and not just a continuation of practices prior to the hurricane.
The table in which they reported actual adoption practices specified “currently in use,”
though we did not ask about pre-hurricane adoption. Nevertheless, the survey question
asked about new practices for future adoption (“Which of these agricultural practices and
management strategies, if any, might you adopt in the near future to adapt to future
extreme events like Hurricane Maria?”). Thus, we assumed those reported practices were
only actualized after Maria. Third, we did not include in the models the type of farming
system (e.g., dairy, mixed, coffee, etc.), and instead use a proxy for diversity (number of
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products). This was done because many production systems in Puerto Rico are already
diversified, making it challenging to assign farmers to a specific category. Furthermore,
even within some categories (e.g., fruit/vegetable farmer), systems can vary significantly
from annual to perennial. Lastly, we had an overrepresentation of bona fide farmers−53% in our study, while 24% overall in Puerto Rico as reported by past Secretary of
Agriculture in 2019, Carlos Flores (Díaz Rolón, 2019)—, despite most other
demographics consistent with census data. This may be the result of selection bias
through Cooperative Extension, which may have stronger connections with bona fide
farmer networks.

6. Conclusion
This study assessed how various determinants of adaptive capacity reflect on
Puerto Rican farmers' actual and intended adoption of adaptation practices, in light of the
obstacles they faced toward recovery after 2017's Hurricane Maria. Our results suggest
that, in many cases, broader structures, such as systems of governance, farmers' social
networks, and infrastructure, affect adaptive capacity more than individual perceptions or
capacity assets. We find that experiencing a total loss, appears to provide a window of
opportunity for reinventing agricultural systems, as evidenced by the fact that farmers
who faced a total loss adopted the most actual adaptation practices. Importantly, farmers
with higher education were also more likely to adopt more adaptation practices,
suggesting that capacity to change farming systems after a total loss is related to human
capital. These results suggest that catastrophic events like Hurricane Maria, while
devastating, do provide opportunities for change and resilience; but being able to take
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advantage of those opportunities is related not only to the human capital of an individual
farmer, and their social networks, but the institutional and infrastructure capacities that
are in place for recovery. Absent either, agricultural resilience may be challenging to
achieve, or slow at best. Thus, working to improve both individual and structural factors
that affect adaptive capacity are both likely to lend themselves toward greater adoption of
adaptation practices, which would, in turn, improve resilience of farm systems under
future shocks. Lastly, our study shows that a mixed-methods approach into understanding
adaptive capacity provides nuanced information that might not be captured in quantitative
model assessments alone. Future studies should further integrate qualitative and
quantitative data to improve our understanding on the role of broader structural
components in individual adaptive capacity outcomes.
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CHAPTER 3
Hurricane Maria´s effects coupled with Puerto Rican farmers’ adaptive capacity
shaped food security levels in its aftermath
Rodríguez-Cruz, LA., Álvarez-Berríos, N., Niles, MT.

Summary
Extreme weather events are known triggers of disaster, which create a disruption
in the built and natural environments. A period of transitory food insecurity- when people
may not have enough high-quality appropriate food to eat- may arise due to these sudden
shocks, and its length reflects people’s vulnerability to disasters. Hurricane Maria
decimated Puerto Rico’s agriculture in 2017, and disrupted food supplies, while exposing
existing inequities that shape food security. Domestic farmers have a key role in
producing food for island communities like Puerto Rico, which can safeguard food
security. However, in the aftermath of disasters and extreme events, farmers themselves
may be vulnerable to food insecurity and be unable to contribute to domestic markets.
This paper assesses how social-ecological factors such as influence food security levels in
the aftermath of Hurricane Maria using survey data from 405 farmers, coupled with
biophysical data from the hurricane’s impact. Overall, 69% of farmers experienced at
least one month of food insecurity in the aftermath of Hurricane Maria, and 38% reported
persistent food insecurity (3 months or more). A multinomial model demonstrates that
biophysical impacts from the hurricane, but especially social factors are correlated with
food insecurity. This suggests that the biophysical impacts of the hurricane, interact with
existing infrastructure and social resources to affect farmer vulnerability and the food
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environment in different ways. Thus, strengthening adaptive capacity in multiple domains
can help people better navigate the disruptions faced during disasters to alleviate food
insecurity. Future studies should develop new instruments or approaches that better
capture how people navigate such disruptions.

1. Introduction
Extreme weather events, such as hurricanes, are becoming more intense in the
growing climate crisis (Bang et al., 2019; IPCC, 2014). These events can trigger
disasters, which are characterized by a disruption in the built and natural environments
that affect livelihood activities (Clay, Greer, et al., 2018; Quarantelli, 1992; Wisner et al.,
2004, 2012). Such disruptions can generate a period of transitory or episodic food
insecurity, where people’s consecutive access to adequate food that supports their
wellbeing is hindered (Clay, 2019; FAO, 2008). That period, often unexpected or
seasonal (Alpízar et al., 2020; Bacon et al., 2014; Fernandez & Méndez, 2019), is
characterized by an inability for people to have physical and economic access to
nutritious and culturally-appropriate food that meets their needs (FAO, 2008). Transitory
food insecurity may vary in time, due to the magnitude of impact coupled with an
affected populations’ vulnerability, which relates to social-ecological characteristics, such
as race, sex, geography, politics, ecosystem services, and biophysical aspects of a place,
among others. Such characteristics predispose some populations to be at higher risk of
harm and less able to recover from disaster impacts (Adger, 2006; Adger & Vincent,
2005; Morris et al., 2018; Wisner et al., 2012). This is increasingly true of island states
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and territories (as well as low-income societies), which have higher exposure and
sensitivity to extreme weather events (FAO, 2014b, 2014a, 2019; IPCC, 2014, 2021).
In island food systems, physical and economic access to food at all times is often
challenging due to several characteristics: high dependence on imports and marine supply
chains, limited land to produce food, small economies, critical infrastructure and high
population density in coastlines, and trade and colonial histories with power inequities
(Bonilla, 2020; FAO, 2014a; Graham, 2012; Kim & Bui, 2019; López-Marrero &
Wisner, 2012; Lowitt et al., 2016; Moulton & Machado, 2019; Robinson, 2018;
Scandurra et al., 2017; Teng, 2020; Thompson, 2019). Furthermore, most islands are in
the tropics, and are facing climate change’s effects disproportionately (IPCC, 2014).
These characteristics can affect adaptive capacity—the assets and abilities that allow
people to mitigate and prepare for shocks, as well as to recover from them, and transform
their environment to better sustain climate change (Adger et al., 2005; Adger, 2006;
Gallopín, 2006; López-Marrero, 2010; Rodríguez-Cruz et al., 2021; Smit & Wandel,
2006)—which may contribute to lengthening transitory food insecurity after an extreme
weather event (Oskorouchi & Sousa-Poza, 2021). Yet despite the unique environmental,
socioeconomic, and political nature of islands, very little research has explored island
food security following disasters (Connell et al., 2020; López-Marrero & Wisner, 2012;
Scandurra et al., 2017; Thompson, 2019). Thus, this paper investigates the catastrophic
category 4 Hurricane Maria and its impact on food security among Puerto Rican farmer
households, which face higher vulnerability to climate change-related natural hazards’
impacts due to their dependence on natural resources, which mediates the sensitivity and
exposure they face to shocks (Reed et al., 2013).
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Studies that have found that food security is affected over time following a
disaster because of prevalent social (e.g., sex, poor physical health) and biophysical
conditions (e.g., housing disruption due to hurricane damage) that generate obstacles for
people to have consecutive access to food (Chriest & Niles, 2018; Clay, 2019; Clay,
Papas, et al., 2018; Clay & Ross, 2020; Ross & Clay, 2020). For example, risk factors,
such as sex and poor physical health, as well as difficult access to social or structural
support, were linked to continued food insecurity in a period of five years after Hurricane
Katrina (Clay, Papas, et al., 2018). Impacts to infrastructure and agricultural landscapes
also shape the length of transitory food insecurity through hindering household’s food
access and sources of income (Nozhati et al., 2019; Oskorouchi & Sousa-Poza, 2021;
Winter et al., 2016). In the case of islands and other net-importers, besides the
aforementioned, their susceptibility to market fluctuations and impacts of extreme
weather events abroad also has an impact in food security (Brizmohun, 2019; Hickey &
Unwin, 2020). As such, transitory food insecurity cannot be explained only as a food
production/supply issue, but must encompass the multidimensionality of food security in
a social-ecological system, where natural and social components intertwine and influence
individual outcomes (Garth, 2020; Knierim & Callenius, 2018; Mares, 2019; Nelson et
al., 2016; Zimmerman et al., 2020). Given farmer’s dependence on natural resources to
sustain their livelihoods, assessing their food security over time, in light of their recovery
from the impact of an extreme weather event, can provide us a better understanding of
how social-ecological dynamics shape disaster (Hodbod & Eakin, 2015; Reed et al.,
2013; Shinbrot et al., 2019). Moreover, it can provide us the opportunity to better
understand how to reduce vulnerability to extreme weather events and other natural
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hazards more broadly (Nelson et al., 2016; Shah et al., 2020). This is important in island
systems where domestic production can buffer against supply chain challenges following
a disaster (Connell et al., 2020; Hickey & Unwin, 2020; Turner et al., 2020).
Farmers are further a unique group to understand in the context of disasters and
food security, given their livelihood reliance on natural resources and their potential
ability to provide locally available food post-disasters. There is a rich body of research
that has explored food security outcomes among farmers, especially smallholder farmers
in low-income countries. Studies focused on farmers, while employing different
approaches and measures of food security, show that farmer food security outcomes are
driven by a combination of social, physical, agricultural, and demographic characteristics
(Akhter & Erenstein, 2017; Anderzén et al., 2020; Fernandez & Méndez, 2019; Harvey et
al., 2018; Niles & Brown, 2017; Shinbrot et al., 2019). For example, agricultural
diversity—production diversity, as well as access to different markets and sources of
support—have been shown to decrease farmer household food insecurity (Fernandez &
Méndez, 2019). Studies that have looked at farmer food security in the Caribbean show
that social and economic factors play a key role in food security levels. For example,
farmers with land tenure, access to diverse markets and sources of income and support,
are less likely to be food insecure, and thus, cope better with extreme weather events
(Connell et al., 2020; Lowitt et al., 2015, 2016; Rosset et al., 2011; Saint Ville et al.,
2015, 2017). Nonetheless, studies in the Caribbean have focused on Cuba, and the
Caribbean Community (CARICOM)―to which Puerto Rico is not a part of.
In addition to the general research on (smallholder) farmer food insecurity, there
is a growing body of evidence exploring these outcomes during and after extreme events
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such as drought (Campbell, Donovan et al., 2011; Sam et al., 2019), monsoon and floods
(Alhassan, 2020), and hurricanes or cyclones (Harvey et al., 2018). Many studies have
shown clear links between experiencing climate shocks or climate changes and decreased
food security or diet diversity. Findings show that a combination of household assets
(adaptive capacity) coupled with broader structures of support play a key role in people’s
access to food when a shock creates a disruption in livelihood activities (9,47–50). But
much of this research has been done in continental countries, and not in islands.
Furthermore, the limited studies that have been done in the context of disaster in Latin
America and the Caribbean have shown that production diversity, access to diverse
markets and sources of support, correlate with better farm recovery from extreme weather
events (45,54,55). Nevertheless, these studies mostly focus on farm resiliency and
recovery (e.g., returning the farm to production or to pre-event state) (54,55).
Given the dearth of research focused on farmer food security in islands following
extreme events, this paper will assess farmer households’ food security in the aftermath
of Hurricane Maria in Puerto Rico to understand the social and ecological factors that
relate to adaptive capacity in an island setting. We combine farmer survey data with
biophysical and climate data from the Hurricane Maria to assess the factors associated
with short and long-term food insecurity, which provides an understanding of adaptive
capacity. Especially, after extreme weather events and the disasters they trigger, where
food security is understudied in island contexts, we ask the following:
1) How food secure were Puerto Rican farmer households’ after Hurricane Maria?
(RQ1). We expect that food insecurity will increase following Hurricane Maria, and
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persist for several months, consistent with the general population, given extreme weather
events’ role in triggering transitory food insecurity (H1).
2) How do socioeconomic, political, agricultural factors of farmers and farms
versus the biophysical impacts of Hurricane Maria predict food security outcomes?
(RQ2). Following findings from the Caribbean (mainly CARICOM countries) and Latin
America (31–35), we expect that farmers with higher levels of education, income, and
access to external resources will be less food insecure (H2). We also expect that farm
assets, such as size and level of production will be linked positively to better food
security outcomes (H3). Lastly, given the extensive nature of Hurricane Maria’s impact
to the built environment, we expect that socioeconomic, political, and agricultural factors,
rather than geographical and biophysical factors, will predict food security outcomes
(H4).

2. Materials and methods
2.1 Place and context
Puerto Rico is an archipelago in the Caribbean that is part of the Greater Antilles
and is an unincorporated territory of the United States. Similar to the broader islands of
the Caribbean, Puerto Rico’s food system focuses mostly on domestic markets, and has
seen a decline in farms in the past 20 years. From producing around 45% of its food in
the 1980s, the US territory produces just 15% today, with the majority of food imported
from the continental United States. Most Puerto Rican farmers’ household income is less
than $20,000, according to the recent agricultural census (USDA NASS, 2020). That
contrasts to

their counterparts’ household income in the United States, which average
124

over $60,000 (USDA ERS, 2020). Though food security studies in Puerto Rico are
limited, a 2019 report found 33% of Puerto Ricans to be food insecure prior to Hurricane
Maria (Santiago Torres et al., 2019).
Hurricane Maria had widespread impacts across Puerto Rico’s agriculture and
infrastructure. It decimated 80% of Puerto Rico’s agricultural production and
infrastructure, is linked to 2,975 deaths (Bonilla, 2020; Santos-Burgoa et al., 2018), and
triggered the longest blackout in United States history (Masters & Houser, 2017). All 3.4
million Puerto Ricans faced a general power outage (Pasch et al., 2019). In some places it
was more than a year to restore power; after 15 months, only 65% of Puerto Rico had
electricity (Pasch et al., 2019).

2.2 Survey development and data collection
A survey was developed in collaboration with the Extension Service of the
University of Puerto Rico-Mayagüez, and focused on understanding how Hurricane
Maria impacted farmers, and their perceptions around climate change, adaptation, policy,
and food security, among other elements of adaptive capacity. The survey was built in
consultation with other farmer surveys related to climate change (Kristjanson et al., 2014;
Niles & Brown, 2017). Ethics were approved by the University of Vermont Institutional
Review board in 2017 prior to any data collection (IRB protocol number: CHRBSS: 180258). A pilot study was conducted in February 2018 with a pool of farmers (n = 31),
which resulted in survey refinement and clarifications on structure and language. Puerto
Rican farmers were surveyed across the archipelago in May-June 2018 by agricultural
agents of the Extension Service. The Extension Service divides Puerto Rico in five
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regions (Arecibo, Caguas, Mayagüez, Ponce, and San Juan.), which all received paper
copies of the surveys in their central offices. Arecibo and Mayagüez received 70 copies,
while the others 100, which was based upon Extension’s recommendation to assess
diverse farmers (e.g., dairy, plantain, coffee, mixed, etc.). The survey was deployed
across these five regions to a random sample of farmers through agricultural Extension
agents in the municipalities of their region. Overall, 405 farmers (87% response rate)
responded to the survey.
2.3 Variables
To assess respondents’ experiences with food security (dependent variable), the
survey asked, “In which months, if any, does your household tend to not have enough
food to consume or have struggled to acquire food. Please select the month for which you
have face a struggle to acquire food or a shortage of it.” This question was based on the
baseline survey developed by the Climate Change, Agriculture, and Food Security
(CCAFS) Program and implemented in more than 15 core sites of smallholder farmers in
East Africa, West Africa, and South Asia (Kristjanson et al., 2014). Respondents were
given the option to select between 12 binary variables representing months (May 2017 –
May 2018). Months before September 2017 were not included in the analysis due to
minimal response (< 1%) of people indicating food insecurity. We categorize food
security in three ordered groups: 1) food secure (0 reported months); 2) immediate food
insecurity (1-2 months); 3) persistent food insecurity (3 months or more).
To assess factors associated with food security outcomes among farmer
households, we use a suite of questions from the survey, which represent socioeconomic,
political, and agricultural factors (Table 1) (López-Marrero, 2010; Rodríguez-Cruz et al.,
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2021). In some cases, we generated new variables or simplified variables. For example,
the variable “education” was modified to have a reduced set of options (from 10 to two).
The variable “network” is an aggregated variable of the number of organizations and
groups farmers reported having received information and services regarding climate
change adaptation, which serves as a proxy for access to social and support networks.
“farm production” is also an aggregate variable of the number of agricultural products
farmers reported to be producing before Hurricane Maria, which serves as a proxy for
agricultural diversity. The variable “damages” aggregates farmers who reported “total
loss” and “significant damages or less” in a binary variable. Farm size is shown in
cuerdas, Puerto Rico’s traditional land measurement, which is also how the USDA
Agricultural Census for Puerto Rico reports farm size. One cuerda is approximately
0.971 acre. The binary variable bona fide describes a farmer who is certified as a bona
fide farmer by the Puerto Rico Department of Agriculture. To be bona fide, a farmer must
show evidence that 51% or more of their income comes from farming. This certification
provides farmers with direct access to the Puerto Rico Department of Agriculture’s
incentives and farming assistance programs. The “metropolitan” (binary) variable was
created based on the municipality where farmers reported their farming operations. Using
a guide by the Puerto Rico Planning Board, municipalities were categorized as
“metropolitan” (significant population centers and proximity to metropolitan areas) or as
“not metropolitan” (less population, closer to rural areas). Coastal and metropolitan
municipalities in Puerto Rico have higher access to highways, critical infrastructure, and
governmental institutions. The variable “food assistance” (binary) describes people that
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participate in the Puerto Rico Nutritional Assistance Program (Programa de Asistencia
Nutricional, PAN in Spanish).
To account for the effect of critical, hurricane-related biophysical features on the
reported level of food security, we included two additional independent variables. First,
we evaluated the straight-line distance from the municipalities where a farm is located to
the tracking line of the hurricane’s eye (“distance to eye”), an indicator for the intensity
of wind force and other indirect effects associated with the proximity to the most severe
disturbances caused by the hurricane's passage (Van Beusekom et al., 2018). Second, the
density of hurricane-induced landslides at the municipality level (number of landslides
per square kilometer or “landslides”) was included to account for their in situ impacts on
farmlands and surrounding areas as well as the challenges they pose for access to and
from the farms (e.g., road blockages). Landslides are also related to total storm
precipitation (Ramos-Scharrón et al., 2020), another potential hurricane effect on food
security. These spatial variables were derived from official or peer-reviewed layers and
summarized at the municipality level using geographic information systems (Table 1).
“Landslide” data was retrieved from the ScienceBase-Catalog of the United States
Geological Service (Hughes et al., 2019). It was developed using a spatial inventory of
Hurricane Maria landslides points. “Distance to eye” data was retrieved from the tropical
cyclone tracks data from the NOAA National Hurricane Center portal (National
Hurricane Center, NOAA, 2018).

128

Table 1: Variables included in the analyses of this study.
Variables

Question/Statement or description

Measure

In which months, if any, does your household tend to not have

Categorical (1 = no food

enough food to consume or have struggled to acquire food. Please

insecurity, 2 = immediate

select the month for which you have face a struggle to acquire food or

food insecurity, 3 =

a shortage of it.

persistent food insecurity)

Age

In which year you were born?

Continuous

Bona fide

Are you a “bona fide” farmer of the [Puerto Rico] Department of

Binary (0 = No, 1 = Yes)

Dependent variable
Food insecurity

Independent survey
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variables

Agriculture?
Damages

How would you describe the damages, if any, caused by Hurricane

Binary/Dummy (0 = not

Maria to your farm?

total loss, 1 = total loss)

Variables
Education

Question/Statement or description

Measure

What is the highest level of education you have completed? Mark

0=

one:

High school diploma or less
1 = Some college or more

Farm production

What agricultural products have you produced, currently produce or

Count

Farm size

How many cuerdas of terrain do you manage in your farm?

Continuous

Food assistance

Do you receive services from the Nutrition Assistance Program

Binary (0 = No, 1 = Yes)

(PAN)?
Sex

What is your gender?

Binary (0 = Male, 1 =
Female)

Network

Which of the following organizations and institutions, if any, have
you received or would like to receive information from related to
adapting to climate-related impacts? Check all that apply.

Count
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plan to produce in the future on your farm? Check all that apply.

Variables

Question/Statement or description

Measure

Straight-line distance (in km) from municipality centroid to the

Continuous

Independent added
biophysical variables
Distance to eye

hurricane Maria track line.
Number of landslides normalized to the km2 of the municipality.

Continuous
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Landslides

2.3 Statistical analysis
The analysis was carried out in Stata 15.1. Since our dependent variable is
categorical with three groups, we utilize a multinomial logistic regression model, which
does not assume normality, linearity, or homoscedasticity. The outcome variable
compares food insecure groups with people not experiencing any food insecurity
(reference/base group). We use clustered robust standard errors, clustered on
municipalities. To evaluate differences between the three groups we carried out KruskalWallis rank tests (for continuous dependent variables) and Chi Square tests (for
categorical dependent variables).

3. Results
3.1 Participants’ characteristics
Descriptive statistics for all independent variables of all respondents are shown in
Table 2. Our respondents are comparable to Puerto Rico’s agricultural census data on
sex, farm size, education levels (USDA NASS, 2020). However, our data shows an
overrepresentation of bona fide farmers (53% compared to 24% in Puerto Rico (Díaz
Rolón, 2019)). Respondents had an average age of 54; 53% were 55 years or older. The
majority were male (86%). Average farm size was 58 cuerdas. Moreover, the majority
reported attending some college or more formal education (67%). Almost half of farmers
reported total loss of their farms due to Hurricane Maria’s impact (43%). The majority of
farmers farmed in metropolitan municipalities (58%), produced two or more agricultural
products (65%), and had a network of one or more organizations and groups (75%). On
average, municipalities corresponding to the location of the respondents’ farms are 22 km
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from the passage of hurricane Maria and had 10 hurricane-triggered landslides per
squared kilometers.

Table 2: Descriptive statistics of study’s variables. Frequency, mean, standard deviation
(SD), and responses (n) are included.
Variables

Scale

Frequency

Mean ±

(%)

SD

-

54.0 ±

n=

Survey variables
Age

Continuous

391

13.5
Bona fide

Yes

210 (52.8%)

No

188 (47.2%)

Total loss

170 (42.6%)

Not total loss

229 (57.3%)

Less than high school

49 (12.2%)

High school diploma

82 (20.5%)

Some college

42 (10.5%)

Technical/Associate degree

66 (16.5%)

Bachelor’s degree or more

162 (40.4%)

Farm production

Count

Farm size

Continuous

Damages

Education

(cuerdas)

-

398

-

399

-

401

-

3.1 ± 2.5

402

-

58.1 ±

383

99.0
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Variables

Food assistance

Sex

Network

Scale

Frequency

Mean ±

n=

(%)

SD

Yes

65 (18.0%)

-

359

No

294 (82.0%)

Female

55 (14.0%)

-

395

Male

340 (86.0%)

Count

-

2.3 ± 2.1

398

-

21.7 ±

379

Biophysical
variables
Distance to eye (km) Continuous

14.0
Landslides (km2)

Continuous

-

9.8 ± 13.4

338

3.2 Food security
Figure 1 shows overall months of reported household food insecurity. Overall,
farmers reported an average of 2.0 ± 2.1 months of household food insecurity (n = 401).
A majority (69%) reported at least one month of food insecurity. High levels of food
insecurity were reported in the month of September 2017, when Hurricane Maria hit
Puerto Rico (September 20, 2017; two weeks after category 4 Hurricane Irma hit the
eastern side of Puerto Rico), increasing in October (59%), and slowly decreasing in
November (49%), December (30%), and the following months (all <15%). Among
respondents, 31% reported immediate food insecurity (1-2 months), 38% reported
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persistent food insecurity (3 months or more), and 31% of farmers did not report
experiencing any food insecurity. The persistence of food insecurity after landfall
supports H1.

Fig 1: Responses to survey food security questions. Number of respondents was 401.

The characteristics of households reporting varying levels of food insecurity differed
significantly (Table 3). Food insecurity was significantly (p<0.05) more prevalent among
older respondents, those that were not bona fide farmers, those with smaller land
holdings, those outside of metropolitan areas, and those with closer distance to the eye of
the hurricane. These results suggest that a number of social, agricultural and biophysical
factors affected food insecurity in the months following Hurricane Maria, largely
supporting H2 and H3. Regarding H4, farmers in the persistent food insecurity category
were closer to Hurricane Maria’s track, and farmed in municipalities that experience
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higher volume of landslides in comparison to the other two groups (Table 3). Figure 2
shows the mapped distribution of the three groups. These results partially support H4.
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Table 3: Descriptive statistics and statistical analyses by food security categories.
Food insecurity category

Statistical test
significance (p)

Variables

Food secured

Immediate food

Persistent food

Kruskal-

Chi

(n = 124;

insecurity

insecurity

Wallis

Square

31.0%)

(n = 123; 31.0%)

(n = 154; 38%)

52.5 ± 13.5

52.6 ± 13.0

56.4 ± 13.0

0.053

-

-

0.002

-

0.630

-

0.644

Age
Bona fide*
Being bona fide

79 (37.6%)

65 (31.0%)

66 (31.4%)

No

43 (22.9%)

57 (30.3%)

87 (46.3%)

Damages
Total loss

57 (33.5%)

50 (29.4%)

62 (36.5%)

Significant loss or less

67 (29.3%)

71 (31.0%)

91 (39.7%)

Education
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Survey variables

Some college or more

84 (31.1%)

85 (31.5%)

100 (37.0%)

High school diploma or

40 (30.0%)

36 (27.5%)

54 (41.2%)

Farm production

3.4 ± 2.5

2.8 ± 2.2

3.3 ± 2.7

0.227

-

Farm size*

75.6 ± 118.5

58.0 ± 95

45.1 ± 81.6

0.029

-

less

Food insecurity category

Statistical test
significance (p)

Food secured

Immediate food

Persistent food

Kruskal-

Chi

(n = 124;

insecurity

insecurity

Wallis

Square

31.0%)

(n = 123; 31.0%)

(n = 154; 38%)
-

0.139

-

0.846

-

0.016

Food assistance
Participant of PAN

15 (23.1%)

22 (33.8%)

28 (43.1%)

Not participant

105 (35.7%)

86 (29.3%)

102 (34.5%)

Sex
Female

17 (30.9%)

18 (32.7%)

19 (34.5%)

Male

105 (31.0%)

102 (30.0%)

132 (38.8%)

Metropolitan*
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Variables

Metropolitan

72 (31.4%)

40 (17.5%)

76 (33.2%)

Not metropolitan

52 (30.8%)

81 (47.9%)

75 (44.4%)

2.6 ± 2.6

2.5 ± 2.0

2.0 ± 1.8

0.140

-

Distance from eye*

25.3 ± 15.1

21.5 ± 14.2

18.9 ± 12.3

0.001

-

Landslides

9.1 ± 11.6

7.7 ± 10.3

12.2 ± 16.4

0.208

-

Network
Biophysical variables

Note: Percentage of categorical variables is based on the total n of each variable.
*Significant variable (p < 0.05)

Fig 2. Map of study area highlighting, at the municipality scale, the distribution of
respondents within the three groups of food security, the density of hurricane-triggered
landslides, and the relative distance to Hurricane María eye track.

139

3.3 Multinomial Model
Table 4 shows the results of the multinomial logistic regression in which the
comparison reference group are food secure. The only factor predicting immediate food
insecurity, as compared to food security, was receiving food assistance (Programa de
Asistencia Nutricional or NAP) ( β = 0.09330, p = 0.040).
Multiple variables predicted persistent food insecurity, as compared to the food
secure reference group, including older respondents (β = 0.0224, p = 0.030), bona fide
farmers were less likely to be food insecure (β = - 0.0570, p = 0.034), and further distance
from the eye of Maria (β = - 0.0341, p = 0.017). Having a larger network was weakly
associated (p< 0.10) with less likelihood of being persistently food insecure.

Table 4: Results for multinomial regression model. Results for immediate food insecurity
and persistent food insecurity categories presented in comparison to the food secure
category (reference group). We report Coefficients (β), robust clustered standard errors
(SE), and significance (p).
Variable

Categories

β

SE

p

Age

Immediate food insecurity

- 0.0017

0.0110

0.877

Persistent food insecurity*

0.0224

0.0103

0.030

Immediate food insecurity

0.1360

0.3702

0.325

Persistent food insecurity

- 0.0579

0.3752

0.034

Immediate food insecurity

0.0761

0.2639

0.773

Bona fide
Being bona fide

Damages
Total loss
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Variable

Categories

β

SE

p

Persistent food insecurity

0.0834

0.3579

0.816

Immediate food insecurity

0.1360

0.3223

0.673

Persistent food insecurity

- 0.0579

0.3522

0.869

Immediate food insecurity

- 0.0444

0.0665

0.504

Persistent food insecurity

0.0751

0.0701

0.284

Immediate food insecurity*

- 0.0003

0.0019

0.890

Persistent food insecurity

- 0.0030

0.0018

0.109

Immediate food insecurity*

0.9330

0.4533

0.040

Persistent food insecurity

0.4729

0.4970

0.341

Immediate food insecurity

0.0764

0.4983

0.878

Persistent food insecurity

0.1919

0.3882

0.621

Immediate food insecurity

0.1670

0.5657

0.768

municipality

Persistent food insecurity

- 0.1964

0.5568

0.724

Network

Immediate food insecurity

- 0.0366

0.0689

0.596

Persistent food insecurity

- 0.1308

0.0768

0.089

Immediate food insecurity

- 0.0139

0.0119

0.243

Persistent food insecurity*

- 0.0341

0.0144

0.017

Education
Some college or more

Farm production

Farm size

Food assistance
Participant of PAN

Sex
Female

Metropolitan
Farm in a metropolitan

Distance to eye
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Variable

Categories

β

SE

p

Landslides

Immediate food insecurity

- 0.0139

0.0180

0.427

Persistent food insecurity

0.0182

0.0175

0.300

*Variable was significant in that category (p < 0.05)

5. Discussion
The results of this study validate that extreme weather events trigger transitory
food insecurity, and that its length is dependent on both the biophysical impacts from an
extreme weather event, but more prominently on other social, political, and infrastructure
factors that affect a population’s adaptive capacity to navigate social-ecological
disruptions of disaster. While less than 1% of farmers in this study reported household
food insecurity prior to Hurricane Maria’s landfall, 69% of Puerto Rican farmer
households reported at least one month of food insecurity in the aftermath of Maria, with
the majority experiencing immediate (31%) and persistent (38%) food insecurity.
Findings suggest that household food insecurity in light of disaster is compounded on
individual risk factors and access to sources of support, which aligns with previous
research on the matter (Clay, Greer, et al., 2018; Niles & Brown, 2017; Shah et al., 2020).
Furthermore, given island local food systems’ importance in buffering impacts from
extreme weather events (FAO, 2014a; Hickey & Unwin, 2020; Turner et al., 2020),
farmers adaptive capacity must be strengthened in order to safeguard local food security
(Rodríguez-Cruz et al., 2021).
Future studies focusing on transitory or episodic food insecurity should develop
new instruments or consider approaches that capture people’s lived experience in
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acquiring food, beyond nutritional or quantity values (Clay et al., 2021; Garth, 2020;
Jones et al., 2013; Smith et al., 2018). While food security is traditionally considered
through an economic lens (e.g., enough money) (Jones et al., 2013; Mares, 2019;
Sampson, 2018), disasters create new circumstances or impacts that are not always
safeguarded by economic access. Such circumstances may be especially pronounced in
island communities where the biophysical impacts of an event may be widespread, and
the safety nets available may be physically and economically distant (Brizmohun, 2019;
FAO, 2014a; Hickey & Unwin, 2020). This study shows that Puerto Rican farmers, who
are mainly commercial and depend on domestic markets, may have faced similar
struggles as the broader population to support their household food security.
Understanding the hurdles that people face in acquiring the foods they need to prepare an
adequate meal that fits their physiological and emotional needs could provide a more
complete picture of how social-ecological dynamics shape food security during and after
an extreme weather event.
Farmers who were farther from Hurricane Maria’s track were less likely to report
persistent food insecurity. Though landslides were not found significant in the model, it
has been reported that they were cause of road blockages and slowing farm operations
(Álvarez-Berríos et al., 2021; Hughes et al., 2019; Ramos-Scharrón et al., 2020;
Rodríguez-Cruz et al., 2021). Results showed that those in the persistent food insecurity
category resided in municipalities with higher number of landslides. The eye of the
hurricane is characterized by sustaining the strongest winds, coupled with sustained rains,
which in turn cause more infrastructure damages (Keellings & Ayala, 2019; Pasch et al.,
2019). Infrastructure damages in Puerto Rico due to Hurricane Maria surpassed the
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billions of dollars, and many food retailers throughout Puerto Rico were permanently
damaged or disrupted (Bonilla, 2020; Bueno, 2017; Clay et al., 2021; Dietrich & GarrigaLópez, 2018). Furthermore, lack of electricity and water catalyzed longer recovery
periods (Álvarez-Berríos et al., 2021; Rodríguez-Cruz et al., 2021).
Social and natural circumstances of each place, such as urban and economic
levels, as well as topography, for example, play an important role in generating obstacles
and buffers to natural hazards and have a sustainable food system (Butler et al., 2020).
Results suggest that farming in a metropolitan municipality was associated with food
security groups. Coastal municipalities in Puerto Rico and those near high urban sector
were more likely to have utilities restored more quickly due to higher adaptive capacity.
Spatial distribution of food and critical infrastructure is key in providing food access,
availability, and stability. Disruption in critical components within a network, combined
with a place’s levels of vulnerability, play a key role in food security after an extreme
weather event (Nozhati et al., 2019). Food in Puerto Rico, as in many islands, is imported
to a main port. Hurricane Maria made visible that in a catastrophic event, food
transportation to and from one main source generates difficulty in maintaining food
security (Kim & Bui, 2019). Thus, a robust local island food system contributes to
buffering such disruption by providing food on-site (Félix & Holt-Giménez, 2017;
Hickey & Unwin, 2020). Islands diverse topographic, infrastructure, and climatic
gradients’ shape how impacts from extreme weather events are experienced. Future
studies should build upon this study’s approach of combining social and biophysical data
to better understand how people navigate disaster, and the degree to which reinforcing the
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adaptive capacity of vulnerable populations can be supported, so that recovery efforts can
be effective.
Within a disrupted network, those prone to risk factors and lower adaptive
capacity—access to individual assets or structural support—face more obstacles in
buffering the impacts of extreme weather events (Bonilla, 2020; Clay et al., 2021;
Dietrich & Garriga-López, 2018; García-López, 2018; Nozhati et al., 2019). Evidence
from this study suggests that older farmers, and those already food insecure, were more
likely to report more months of food insecurity. Puerto Rican farmers average age is 61,
and reflects a broader Puerto Rican population that is aging, which points to diverse risk
factors that may play a role in food security (US Census Bureau, 2020; US
CensusBureau, n.d.; USDA NASS, 2020). Results also align with others that have found
that those food insecure before an extreme weather event or other sudden shock, such as
in the current COVID-19 pandemic (Niles et al., 2020), are likely to experience food
insecurity afterwards (Alpízar et al., 2020; Clay, Papas, et al., 2018). Being participant of
the Puerto Rico Nutrition Assistant Program (PAN in Spanish) also increased the risk of
reporting immediate food insecurity. PAN participants can use their funds through an
electronic benefit transfer (EBT) card. Given that Puerto Rico faced the longest blackout
in United States history (Masters & Houser, 2017), and communications where down for
several months, it is likely that PAN participants struggled to use those funds.
Results also showed that higher levels of adaptive capacity do provide a buffering
effect. Farm size was associated to food security groups in this study, and those farmers
part of the bona fide program were less likely to report persistent food insecurity. Bona
fide farmers in Puerto Rico are recognized by the local Department of Agriculture and
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have access to financial and agricultural services, as well as to governmental tax
exemptions and incentives. This variable was positively and highly correlated with
income, and those who were bona fide reported a higher average of network institutions
and organizations. This result aligns with others that suggest that, in the context of
disaster, external sources of support, whether institutional or financial, can support
farmers adaptive capacity to navigate recovery (Niles et al., 2021; Rodríguez-Cruz et al.,
2021; Shah et al., 2020). These variables also point out to how these individual attributes
in “normal times” may build the resistance and resilience of farming systems (HoltGiménez, 2002; Perfecto et al., 2019; Zimmerman et al., 2020), in light of compounding
shocks in the ongoing climate crisis.
This study’s findings, considering islands’ narrow resource base and high
dependence on imports, bring attention to the role of local food systems in disaster
response and recovery. Understanding the drivers and barriers to strengthening farmers’
adaptive capacity is key in safeguarding such systems, which are dependent on their
work, and that of farm workers and other key agents of the food system. Nonetheless, the
role of broader structures of support, coupled with individual adaptive capacity must be
further considered. The full survey report used in this study found that less than 14% of
farmers think that Puerto Rico has the needed safety net for them to better adapt to
climate change (Rodríguez-Cruz & Niles, 2018). Moreover, more than 85% disagreed
with the statement that imports are not an obstacle to increase the access of local products
in the Puerto Rican markets (Rodríguez-Cruz & Niles, 2018). Given how critical are
imports in island food security, islands embeddedness in a globalized world and their
food systems’ susceptibility to volatile markets must be considered when examining
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island food security (Brizmohun, 2019; Butler et al., 2020; Hickey & Unwin, 2020;
Nicholson et al., 2021; Teng, 2020). Extreme weather events can create local impacts, as
Hurricane Maria did, but they also can trigger disruptions from afar. Thus, to what extent
local island food systems’ dependence on external forces shapes their adaptive capacity?
Up to what level can individual farmer adaptive capacity contribute to the local food
system’s ability to feed its people? Of the 58 recognized islands nations and territories by
the United Nations, 27 are in the Caribbean (United Nations, n.d.). Almost half are not
United Nation members, such as Puerto Rico, which is an Unincorporated Territory of
the US. Hence, island food security assessment must incorporate that reality into their
approaches. This study is limited in the way that it assesses food insecurity, but highlights
the need for better instruments that consider the drivers and barriers for people to access
food while navigating disaster. It is also important to note that the way people were asked
about their household food security was subjective to some extent, and may have led to
biased responses.

6. Conclusion
This study found that Hurricane Maria triggered a period of transitory food
insecurity among Puerto Rican farmer households, and that its length depended on
individuals’ risk factors, suffered biophysical impacts, and levels of adaptive capacity.
Results demonstrate that navigating disruptions in the natural and built environment is
constrained or alleviated by a combination of broader structures of support and previous
adaptive capacity levels. Island food systems play a key role in providing food on-site.
Farmers levels of vulnerability to extreme weather events—as reflected here by the
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length of food insecurity suffered—must be effectively addressed, in order to safeguard
local food security. Future studies should better consider islands’ embeddedness in
globalized systems, and the extent to which volatile markets and power imbalances
influence local food security. Thus, island food security does not depend solely on farmer
productivity, and cannot be assessed only through a supply or production approach.
Future research can better explore the limits of local island food systems’ adaptive
capacity, and the degree to which they can produce food on-site.
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CONCLUSION

This dissertation studied Puerto Rican farmers’ climate change adaptation
decision-making and food security outcomes in the context of disaster. It used adaptive
capacity as an approach to better contextualize individual-focused data and understand
how different components of the Puerto Rican food system interact and interconnect in
relation to individual outcomes. Though a higher level of individual adaptive capacity
may slow the progression of vulnerability to natural hazards, there are persisting
structural dynamics and inequities that shape it. Studying farmers’ climate change
adaptation decision-making and household food security outcomes in the aftermath of
Maria validates that ‘disasters’ are not natural, and that much of the disruption
experienced had a human origin. As this dissertation suggests, more so than individual
attributes, external forces associated with policies, infrastructure, economic paradigms,
and historical legacies of colonialism create challenges for farmers in achieving a level of
adaptive capacity that ease them in navigating disaster and future uncertainties.
There is no problem in stating that the three studies that compose this dissertation
are just three pieces of a complex puzzle. They do not provide a clear picture onto how
broader structures shape the food system these farmers are embedded in. The studies
were mostly based on individual-focused data and they lacked qualitative or participatory
components. Nevertheless, these studies do provide glimpses of the role of such structural
dynamics, and create a starting point for future studies to inquire how those structural
dynamics are reflected on such limits and individual outcomes. Especially, within island
food systems (Figure 1), which are disproportionately exposed to natural hazards (e.g.
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extreme weather events) and external forces (e.g. trade imbalances); including that most
islands are not sovereign nations. These studies’ findings also pose questions around
limits. What are the limits of adaptive in island food systems? Up to what level can a
farmers’ adaptive capacity reach within an unincorporated territory of the US? The first
two studies of this dissertation shed light onto how Puerto Rican farmers’ awareness of
the challenges they face in the current climate crisis is not the main driver of their
adaptation decision-making. The results bring attention on the need to clarify how that
decision-making is intertwined within coupled Puerto Rican and US-level policies and

regulations, as well as market and infrastructure settings.
Figure 1: Components of an island food system that should be consider in future
studies aiming to better understand island food systems’ issues.

Often in Puerto Rico, in my perspective, when we are doing work with farmers or
food systems-related issues we tend to ignore the political situation of Puerto Rico.

158

Though many scholars and stakeholders incorporate political theories or food sovereignty
perspectives to some degree into their works, in my opinion, they seem more interested in
the objective of, “what can we do to produce more” within the given conditions or focus
on natural aspects (e.g. soil health). Such perspective, which does not necessarily take
into account how the political framework of a place impacts individuals’ capacities, has
become normalized, and encourages us to think that this status quo is our reality and that
it will never change. Furthermore, much of the discourse related to structural components
focuses on US-level policies and not on how Puerto Rican policies or statutes, and its
place as a Caribbean non-sovereign territory in a globalized economy, shape our food
system. This dissertation encourages future studies to deeply inquire about how the
circumstances farmers are embedded in—from the individual to structural levels—relate
to their adaptive capacity and general wellbeing. But more importantly, it encourages
future works to better understand cross-scale interactions and feedback loops within
island food systems that reinforce persisting inequities and shape the panorama of
decisions farmers can make to work their farming systems (Figure 2).
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Figure 2: Future studies must inquire about how cross-scale dynamics shape, interact,
and influence one another.

One of the key findings of this dissertation is how being or not being a bona fide
farmer relates to the outcomes studied. Farmers in Puerto Rico who want to be part of
that program need for 51% or more of their income be generated from agriculture. That
recognition allows them to access institutional resources—which might give them more
adaptive capacity. Nevertheless, they are required to have insurance from the
Corporación de Segurod Agrícolas (CSA), the USDA Risk Management Agency broker
in Puerto Rico. The CSA then has requirement on their farming style, as this farmer
commented:

“Agricultural insurance is tied to the “Corporación de
Seguros Agrícolas”. If you are not insured with them, it
160

is hard to participate in the Department of
Agriculture’s programs.”

For example, farmers cannot do intercalated crops or have more complex
systems—that we know provide a higher level of resistance, and thus decrease sensitivity
to natural hazards. And let us say that that farmer is a coffee farmer. They will likely be
encouraged to have intensive fields to participate in the aforementioned program and
opportunities, which goes against what NRCS is doing to motivate farmers to incur
agroforestry practices (i.e., shade coffee). So, farmers are in a sort of push-and-pull
between Puerto Rican and federal policies and programs, alongside what they might want
to do in terms of envisioning new systems—as the results of the second study showed.
Future studies must better understand (or map) how these structural dynamics shape
farming systems in Puerto Rico, and inquire about what could be a positive future for
farmers in a place in crisis.
The above is sustained by what emerges from both qualitative and quantitative
data from the farmers who participated in the survey that cements this dissertation. Less
than 5% of them agreed on the following: “[t]here is no need for the [Puerto Rico]
Department of Agriculture to develop programs that help farmers adopt agricultural
practices that help them mitigate future extreme weather-related events.” Moreover, 6%
strongly agreed that, “Puerto Rico has the necessary policies to protect and support local
agriculture.”.Though there is a growing sector of farmers who are establishing local
networks of support separated from the central and municipal governments, the reality is
that, for the majority of farmers to have a sustainable level of adaptive capacity, there
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needs to be an institutional framework of support that enables them to reach it—or one
that does not create barriers for them to achieve the desired level. Findings from the
second study showed how much of the obstacles faced towards recovery were related to
institutional frameworks of support and management. This comment from a farmer
reflects the above: “The government, through its public policies, has been indifferent
towards [farmers]. State and federal agencies do not want to assume the risks that
farmers assume. […] Maria made clear that if Puerto Rico do not produce its food,
money is worthless because you could not buy product nowhere.” So, what needs to
change?
The last sentence of that comment from one of the participants ties onto the third
study of this dissertation. The disruptions triggered by Hurricane Maria in the built and
natural environments, coupled with poor recovery efforts from both local and federal
governments and persisting inequities, generated a period of transitory food insecurity.
The last study of this dissertation showed that the most vulnerable were more likely to
experience more months of food insecurity. The results should motivate future research
to take a deeper look on Puerto Rico’s food environment (e.g. supermarkets, access to
food, etc.), and to rethink how we measure food security in light of disaster.
First, it is uncomfortable to talk about farmer food insecurity: those who produce
food often do not have much to eat. But as we saw in the aftermath of Maria, much of the
population faced several challenges to access and acquire the food they needed or
wanted. Local production cannot be fully thought around economic goals, it should be
also approached as a public health and emergency management issue. As the farmer
above commented, money is worthless when there is no food to buy. And given the
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current social and economic crisis Puerto Rico is going through, let’s think then, for the
local consumer, what’s best? A dozen Puerto Rican eggs for $2.99 or 3 dozen American
eggs cartons for $5.00? Thus, concepts such as “food acquisition”, “food adequacy”, or
“food sovereignty” may provide better tools to craft questions, approaches, or
methodologies to understand how people navigate a food environment before, during,
and after disaster; or how they navigate it in “normal” times. As such, we could have
more nuanced understanding on how that persisting food insecurity is shaped.
Second, much of Puerto Rico’s food come from afar. The aftermath of Maria
made evident—as other shocks have made visible in other islands—that reliance in
external food hinders food security. And it was not only food that was scarce after Maria,
but materials important to repair the infrastructure needed to access food: refrigeration,
roadways, wood, etc. Of the more than five ports found in Puerto Rico, the San Juan port
receives almost 100% of cargo. About three companies manage maritime transport, and
much of imports come from continental US. We cannot talk about farmer or island food
security without understanding how trade imbalances and dynamics—alongside how US
policies shape that for its territories—influence islands food systems.
“Se comen lo que trajo el barco” (you all are going to eat what the ship brough),
my grandma would say to us when we complained about eating arroz con habichuelas
again. That is a popular sentence in Puerto Rico. Particularly, among people of her
generation. Those who grew up in the transition to el Estado Libre Asociado in the 50s,
and whose parents lived in the early years of the United States invasion to Puerto Rico.
“You eat what the ship brought”. There was clarity (and still today) about where most of
our food come from. Farmers know that too. While Singapore has over 130 supply
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chains, Puerto Rico has less than 15. Future studies must understand food security
beyond a productivist paradigm. One could focus on production, but if then what is
produced does not reach local markets or must compete with external food (adding to
that, that people may not be able to buy local products) then what is being accomplished?
Less than 10% of farmers think that, “[f]ood imports in Puerto Rico are not an obstacle
for local agriculture to increase its access to the Puerto Rican market”. And many farmers
mentioned the Jones Act in the comments from the front page of the survey. Their dislike
of that policy is quite general in Puerto Rico and crosses party and ideological lines.
Not many farmers support that law: 8% said agreed with it in the survey, and less
than 10% think it does not have any influence to food security in Puerto Rico. The Jones
Act mandates that ships that carry cargo within the US be crewed and owned by
American citizens and be built and receive maintenance in the US. Future studies could
use it as a case study to better understand how trade and power imbalances shape Puerto
Rico’s food system. There are not many empirical studies focusing on that law, though
there is consensus about its negative impacts (which is interesting to me). Other US
statutes, such as the Commerce Clause of the constitution and the The Dominican
Republic–Central America Free Trade Agreement (DR-CAFTA), should also be studied
form a food systems point of view. These assertions do not mean that the whole
responsibility of how our food system is shaped lies in the federal government, but that
Puerto Rico has a limited framework to develop its own policies, contextualized to its
own realities. Thus, that neocolonial reality cannot be overlooked.
So, up to what point can Puerto Rican farmers (and fisherfolks), or the food
system as a whole, achieve a level of adaptive capacity within the current political
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framework? Up to what point can it contribute to safeguard, not only farmers’ food
security, but of all Puerto Ricans? What future food system is envisioned by islanders?
Up to what extent have all of us normalized the conditions that we are immerse in? This
dissertation paves a road for us to study island food stems through approaches that
validate its social-ecological components, that do not reduce food systems issues to
production issues, and understand that most islands are complex systems shaped by
neocolonial dynamics. The aftermath of Hurricane Maria made visible, as all disasters do,
how persisting underlying structural inequities and persisting power imbalances shapes
peoples’ vulnerability. Puerto Rico is just one example of a region where historical
legacies of colonialism and plantation foundations persist. Future studies that intend to
create understanding on how island food systems work must consider how such legacies
shape cross-scale interactions, and do work that goes from ridge to reef.
Hurricane Maria has significantly impacted our
daily lives. It was an event that uncovered the existing
realities in our country, and agriculture is no exception in
those realities. We need motivation, education, scientific
research, and people that help us to stimulate the social
and economic aspects of our agriculture. Puerto Rico’s
agriculture is going through difficult and crucial moments,
but it needs a new approach in all aspects. We need to
work side by side, as one team, to make our agriculture
rise. There is no life without agriculture.
Puerto Rican farmer
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APPENDIX 1
Chapter 1 Supplementary Materials

S1 Table: Exploratory factor analysis results for pilot study’s assessment of the psychological distance of climate
change scale. Factor loadings are shown, as well as the Cronbach’s alpha for statements altogether.
Factor 1 Factor 2 alpha

The effects of climate change are being felt today.

0.9373

-0.1532

Climate change presents more risks than benefits to agriculture in

0.9751

-0.1041

0.8668

-0.2320

0.9812

-0.0758
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Statement

Puerto Rico.
Climate change presents more risks than benefits to agriculture
globally.
Farmers like me are likely to be negatively affected by climate
change.

0.860

People who are not farmers are likely to be negatively affected by

0.9604

-0.1384

0.5661

0.0902

There is scientific uncertainty about the causes of climate change.

0.3784

0.7184

I am uncertain that the occurrence of strong hurricanes in the

0.4303

0.7682

climate change.
There is scientific uncertainty about the potential impacts of climate
change on Puerto Rico.

Atlantic is related to climate change.
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Note: The eigenvalue for Factor 1 was 5.1148, and 1.2273 for Factor 2.

S2 Table. Reported adoption of agricultural practices and management strategies after Hurricane Maria to prepare for
future extreme weather events. Frequencies and percentage were calculated based upon the 397 farmers that answered
this section of the survey.
Agricultural practices or management strategy

Frequency (%)

Acquire insurance/improve the plan I have

42 (10.6)

37 (9.3)

Apply more synthetic inputs (e.g. fertilizers, herbicides, pesticides)

34 (8.4)

Collect rainwater for irrigation

50 (12.6)

Crop rotation

84 (21.2)

Decrease tillage

52 (13.1)

Diversify crops

78 (19.6)

Expand my agricultural land

34 (8.6)

Forage conservation

15 (3.8)

Improve irrigation system

62 (15.6)

Increase tillage

35 (8.8)

Integrated management of diseases

97 (24.4)

Plant trees to reduce erosion

55 (13.9)

Seek new agricultural markets

56 (14.1)

Countouring (Siembras al contorno)

68 (17.1)
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Acquire solar panels

Switch from an annual crop (for example, peppers) to a perennial crop (for

34 (8.6)

Switch from a perennial crop to an annual crop

31 (7.8)

Use compost

65 (16.4)

Use of mulch

26 (6.5)

Use of native crops/species

37 (9.3)

S3 Table: Structural equation model structural results for our hypothesized model. Standardized coefficients (β) of
main and control variables, bootstrap standard error (SE), and significance level are included.
Relationship

b

SE

p=

Age  Reported experience

0.109

0.057

0.054

Farm size  Reported experience

0.007

0.058

0.903

Gender  Reported experience

0.016

0.059

0.783

Education  Reported experience

-0.099

0.066

0.131
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example plantains)

0.070

0.057

0.217

Bonafide  Reported experience

-0.110

0.059

0.062

Age  Reported damages

-0.064

0.054

0.240

Farm size  Reported damages

-0.009

0.063

0.892

Gender  Reported damages

-0.006

0.056

0.920

Education  Reported damages

-0.188

0.059

0.001

Household income  Reported damages

-0.077

0.060

0.199

Bonafide  Reported damages

0.136

0.062

0.028

Reported experience  Psychological distance of climate change

0.029

0.058

0.618

Reported damages  Psychological distance of climate change

-0.018

0.063

0.778

Psychological distance of climate change  Perceived self-capacity

-0.138

0.060

0.022

Psychological distance of climate change  Perceived vulnerability

-0.162

0.065

0.013

Perceived self-capacity  Motivation to adapt

0.584

0.066

0.000

Psychological distance of climate change  Motivation to adapt

-0.021

0.044

0.627

Perceived vulnerability  Motivation to adapt

0.254

0.075

0.001
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Household income  Reported experience

Motivation to adapt  Actual adoption of agricultural practices and

-0.018

0.055

0.743

management strategies

S4 Table. Structural equation model structural results for indirect effects of our hypothesized model. Standardized

Relationship

b

SE

p=

Age  Psychological distance of climate change

0.000

0.000

0.547

Farm size  Psychological distance of climate change

0.000

0.000

0.869

Gender  Psychological distance of climate change

0.001

0.004

0.781

Education  Psychological distance of climate change

0.000

0.004

0.976

Household income  Psychological distance of climate change

0.002

0.003

0.588

Bonafide  Psychological distance of climate change

-0.007

0.013

0.569

Reported experience  Perceived self-capacity

-0.003

0.063

0.613

Reported damages  Perceived self-capacity

0.004

0.013

0.773

Age  Perceived self-capacity

-0.000

0.000

0.530
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coefficients (β), bootstrap standard error (SE), and significance level (p) are included.

b

SE

p=

Farm size  Perceived self-capacity

-0.000

0.000

0.867

Gender  Perceived self-capacity

-0.000

0.001

0.783

Education  Perceived self-capacity

-0.000

0.001

0.975

Household income  Perceived self-capacity

-0.000

0.001

0.571

Bonafide  Perceived self-capacity

0.002

0.003

0.548

Reported experience  Perceived vulnerability

-0.003

0.005

0.625

Reported damages  Perceived vulnerability

0.003

0.012

0.777

Age  Perceived vulnerability

-0.000

0.000

0.552

Farm size  Perceived vulnerability

-0.000

0.000

0.868

Gender  Perceived vulnerability

-0.000

0.001

0.782

Education  Perceived vulnerability

-0.000

0.001

0.976

Household income  Perceived vulnerability

-0.000

0.001

0.590

Bonafide  Perceived vulnerability

0.002

0.003

0.571

Reported experience  Motivation to adapt

-0.003

0.005

0.621
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Relationship

b

SE

p=

Reported damages  Motivation to adapt

0.003

0.012

0.773

Age  Motivation to adapt

-0.000

0.000

0.540

Farm size  Motivation to adapt

-0.000

0.000

0.868

Gender  Motivation to adapt

-0.000

0.001

0.782

Education  Motivation to adapt

-0.000

0.001

0.975

Household income  Motivation to adapt

-0.000

0.001

0.576

Bonafide  Motivation to adapt

0.002

0.003

0.555

Psychological distance of climate change  Motivation to adapt

-0.176

0.072

0.015

Reported experience  Actual adoption of agricultural practices and

0.000

0.001

0.758

-0.000

0.001

0.831

0.014

0.044

0.729

management strategies
Reported damages  Actual adoption of agricultural practices and
management strategies
Psychological distances of climate change  Actual adoption of
agricultural practices and management strategies
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Relationship

Relationship

b

SE

p=

Perceived capacity  Actual adoption of agricultural practices and

-0.034

0.107

0.728

-0.019

0.059

0.722

0.000

0.000

0.752

0.000

0.000

0.827

0.000

0.000

0.976

0.000

0.000

0.761

-0.000

0.000

0.761

management strategies
Perceived vulnerability  Actual adoption of agricultural practices
and management strategies
Age  Actual adoption of agricultural practices and management

Gender  Actual adoption of agricultural practices and management
strategies
Education  Actual adoption of agricultural practices and
management strategies
Household income  Actual adoption of agricultural practices and
management strategies
Bonafide  Actual adoption of agricultural practices and
management strategies
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strategies

Note: The structural pathway between farm size and actual adoption of agricultural practices was constrained by the model.
Thus, it is not shown in the table.

S5 Table. Structural equation model structural results for total effects of our hypothesized model. Standardized

Relationship

b

SE

p=

Age  Reported experience

0.013

0.007

0.055

Farm size  Reported experience

0.000

0.001

0.903

Gender  Reported experience

0.072

0.260

0.783

Education  Reported experience

-0.065

0.043

0.132

Household income  Reported experience

0.086

0.070

0.218

Bonafide  Reported experience

-0.342

0.183

0.062

Age  Reported damages

-0.003

0.003

0.242

Farm size  Reported damages

-0.000

0.000

0.892

Gender  Reported damages

-0.011

0.112

0.920
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coefficients (β), bootstrap standard error (SE), and significance level (p) are included.

b

SE

p=

Education  Reported damages

-0.055

0.018

0.002

Household income  Reported damages

-0.043

0.033

0.200

Bonafide  Reported damages

0.191

0.086

0.026

Reported experience  Psychological distance of climate change

0.012

0.025

0.617

Reported damages  Psychological distance of climate change

-0.017

0.059

0.778

Age  Psychological distance of climate change

0.000

0.000

0.547

Farm size  Psychological distance of climate change

0.000

0.000

0.869

Gender  Psychological distance of climate change

0.001

0.004

0.781

Education  Psychological distance of climate change

0.000

0.004

0.976

Household income  Psychological distance of climate change

0.002

0.003

0.588

Bonafide  Psychological distance of climate change

-0.007

0.013

0.569

Reported experience  Perceived self-capacity

-0.003

0.006

0.613

Reported damages  Perceived self-capacity

0.004

0.013

0.773

Psychological distance of climate change  Perceived self-capacity

-0.228

0.103

0.027
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Relationship

b

SE

p=

Age  Perceived self-capacity

-0.000

0.000

0.530

Farm size  Perceived self-capacity

-0.000

0.000

0.867

Gender  Perceived self-capacity

-0.000

0.001

0.783

Education  Perceived self-capacity

-0.000

0.001

0.975

Household income  Perceived self-capacity

-0.000

0.001

0.571

Bonafide  Perceived self-capacity

0.002

0.003

0.548

Reported experience  Perceived vulnerability

-0.003

0.005

0.625

Reported damages  Perceived vulnerability

0.003

0.012

0.777

Psychological distance of climate change  Perceived vulnerability

-0.208

0.085

0.015

Age  Perceived vulnerability

-0.000

0.000

0.552

Farm size  Perceived vulnerability

-0.000

0.000

0.868

Gender  Perceived vulnerability

-0.000

0.001

0.782

Education  Perceived vulnerability

-0.000

0.001

0.976

Household income  Perceived vulnerability

-0.000

0.001

0.590
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Relationship

b

SE

p=

Bonafide  Perceived vulnerability

0.002

0.003

0.571

Reported experience  Motivation to adapt

-0.003

0.005

0.621

Reported damages  Motivation to adapt

0.003

0.012

0.773

Psychological distance of climate change  Motivation to adapt

-0.207

0.094

0.028

Perceived self-capacity  Motivation to adapt

0.511

0.075

0.000

Perceived vulnerability  Motivation to adapt

0.285

0.084

0.001

Age  Motivation to adapt

-0.000

0.000

0.540

Farm size  Motivation to adapt

-0.000

0.000

0.868

Gender  Motivation to adapt

-0.000

0.001

0.782

Education  Motivation to adapt

-0.000

0.001

0.975

Household income  Motivation to adapt

-0.000

0.001

0.576

Bonafide  Motivation to adapt

0.002

0.003

0.555

Reported experience  Actual adoption of agricultural practices and

0.000

0.001

0.758

management strategies
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Relationship

Relationship

b

SE

p=

Reported damages  Actual adoption of agricultural practices and

-0.000

0.001

0.831

0.015

0.044

0.729

-0.037

0.107

0.728

-0.021

0.059

0.722

-0.073

0.208

0.725

0.000

0.000

0.752

0.000

0.000

0.827

management strategies
Psychological distance of climate change  Actual adoption of
agricultural practices and management strategies
Perceived self-capacity  Actual adoption of agricultural practices

Perceived vulnerability  Actual adoption of agricultural practices
and management strategies
Motivation to adapt  Actual adoption of agricultural practices and
management strategies
Age  Actual adoption of agricultural practices and management
strategies
Gender  Actual adoption of agricultural practices and management
strategies
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and management strategies

Relationship

b

SE

p=

Education  Actual adoption of agricultural practices and

0.000

0.000

0.976

0.000

0.000

0.761

-0.000

0.000

0.761

management strategies
Household income  Actual adoption of agricultural practices and
management strategies
Bonafide  Actual adoption of agricultural practices and

Note: The structural pathway between farm size and actual adoption of agricultural practices and management strategies was
constrained by the model. Thus, it is not shown in the table.
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management strategies

APPENDIX 2
Chapter 2 supplementary materials

Adaptive capacity category

Agreement

Disagreement

Perception and cognition

100.00%

0.00%

Natural resources

98.39%

1.61%

Human resources

97.69%

2.31%

Social resources

96.95%

3.05%

Economic resources

95.37%

4.63%

Political resources

95.10%

4.90%

Material resources and technology

94.46%

5.54%

Agricultural resources

93.97%

6.03%

Institutions

93.00%

7.00%
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Supplementary materials table 1: Coders final agreements and disagreement percentages.

Supplementary materials table 2: Generalized linear regression model comparison based on distributions. Akaike information
criterion (AIC) and the Bayesian information criterion (BIC) are shown.
BIC

Model and category

Gaussian

Gamma

Gaussian

Gamma

5. Intended adoption of all practices

770.4632

1428.949

837.6633

1496.15

6. Market oriented and capital-intensive growth practices

817.1986

1406.757

884.2231

1473.782

7. Ecological transition practices

827.3849

1300.991

892.8753

1366.482

8. Natural design practices

787.9095

1232.798

852.1397

1297.029

Supplementary materials table 3: Results for four separate negative binomial regression models predicting actual adoption of
farm and management practices. Table includes estimates, robust standard errors (SE), significance (p), 95% confidence
intervals (CI), and incident rate ratios (IRR).
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AIC

Models and dependent

Independent variables

β

SE

p

CI

IRR

Model 1: Actual

Contact scale

0.0391

0.0451

0.385

- 0.0493, 0.0128

1.0400

adoption of all practices

Agricultural production

0.0827

0.0457

0.070

- 0.0069, 0.1723

1.0862

Bona fide

0.0577

0.2077

0.781

- 0.3494, 0.4648

1.0594

Education*

0.5780

0.1951

0.003

0.1956, 0.9603

1.7824

- 0.0007

0.0010

0.521

- 0.0027, 0.0013

0.9993

Gender

0.2360

0.2712

0.384

- 0.2960, 0.7676

1.2661

Income

- 0.2668

0.1915

0.163

- 0.6421, 0.1084

0.7658

Markets

0.0640

0.1049

0.541

- 0.1415, 0.2697

1.0662

Metropolitan

0.0353

0.2352

0.881

- 0.4258, 0.4963

1.0359

Perceived capacity

- 0.0792

0.1748

0.651

- 0.4218, 0.2634

0.9239

Perceived vulnerability

- 0.0721

0.1933

0.717

- 0.3087, 0.4490

1.0726

- 0.6395

0.4173

0.125

- 1.4574, 0.1784

0.5275

Farm size

Region
Caguas
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variables

Models and dependent

Independent variables

β

SE

p

CI

IRR

Mayagüez

- 0.2351

0.4232

0.579

- 1.0645, 0.5943

0.7905

Ponce

- 0.6576

0.3962

0.097

- 1.4341, 0.1190

0.5181

San Juan

- 0.3280

0.3463

0.344

- 1.0070, 0.3509

0.7203

Damages*

0.6665

0.2037

0.001

0.2673, 1.0657

1.9474

Years farming

0.0036

0.0069

0.594

- 0.0097, 0.0169

1.0036

Model 2: Actual

Contact scale

0.0273

0.0484

0.572

- 0.0675, 0.1221

1.0277

adoption of market

Agricultural production

0.0037

0.0536

0.945

- 0.1014, 0.1088

1.0037

oriented and capital-

Bona fide

- 0.1047

0.2257

0.643

- 0.5471, 0.3376

0.9006

intensive growth

Education

0.3414

0.2167

0.115

- 0.0832, 0.7661

1.4070

practices and strategies

Farm size

0.0012

0.0011

0.263

- 0.0009, 0.0034

1.0013

Gender

0.3456

0.2857

0.226

- 0.2142, 0.9055

1.4128

Income

- 0.0872

0.1971

0.658

- 0.4736, 0.2991

0.9165

Markets

- 0.0345

0.1080

0.749

- 0.2462, 0.1771

0.9661
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variables

Models and dependent

Independent variables

β

SE

p

CI

IRR

variables
Metropolitan

0.0990

0.2016

0.623

- 0.2961, 0.4942

1.1041

Perceived capacity

0.0896

0.2118

0.672

- 0.3255, 0.5047

1.0937

- 0.0282

0.1990

0.887

- 0.4183, 0.3619

0.9722

Caguas

- 0.4209

0.4311

0.329

- 1.2658, 0.4239

0.6564

Mayagüez

- 0.0280

0.4371

0.949

- 0.8847, 0.8288

0.9724

Ponce

- 0.5428

0.4108

0.186

- 1.3480, 0.2624

0.5811

San Juan

- 0.1592

0.3692

0.666

- 0.8827, 0.5644

0.8528

Damages*

0.7343

0.1874

0.000

0.3671, 1.1015

2.0840

Years farming

0.0018

0.0066

0.788

- 0.0112, 0.0148

1.0018

Model 3: Actual

Contact scale

- 0.0051

0.0508

0.920

- 0.1048, 0.0945

0.9949

adoption of ecological

Agricultural production*

0.1207

0.0493

0.014

0.0240, 0.2173

1.1282

transition practices

Bona fide

0.1530

0.2281

0.503

- 0.2941, 0.6001

1.1653

Perceived vulnerability
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Region

Models and dependent

Independent variables

β

SE

p

CI

IRR

0.5483

0.1720

0.001

0.2113, 0.8854

1.7303

Farm size

- 0.0009

0.0012

0.437

- 0.0032, 0.0014

0.9991

Gender

- 0.0764

0.2800

0.785

- 0.6249, 0.4721

0.9265

Income

- 0.1992

0.2247

0.375

- 0.6395, 0.2411

0.8194

Markets

0.1042

0.1064

0.327

- 0.1043, 0.3126

1.1100

Metropolitan

0.0512

0.2503

0.838

- 0.4394, 0.5419

1.0526

- 0.1487

0.2145

0.488

- 0.5692, 0.2718

0.8618

0.1154

0.2054

0.574

- 0.2873, 0.5180

1.1223

Caguas

- 0.6213

0.4659

0.182

- 1.5344, 0.2918

0.5372

Mayagüez

- 0.3154

0.4822

0.513

- 1.2605, 0.6296

0.7295

Ponce

- 0.5901

0.4878

0.226

- 1.5463, 0.3660

0.5542

San Juan

- 0.3036

0.4220

0.472

- 1.1307, 0.5235

0.7382

Education*

Perceived capacity
Perceived vulnerability
Region
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variables

Models and dependent

Independent variables

β

SE

p

CI

IRR

Damages*

0.6467

0.2058

0.002

0.2434, 1.0500

1.9093

Years farming

0.0027

0.0064

0.672

- 0.0098, 0.0152

1.0027

Model 4: Actual

Contact scale*

0.1453

0.0582

0.013

0.0312, 0.2595

1.1564

adoption of natural

Agricultural production

0.0794

0.0661

0.229

- 0.0501, 0.2089

1.0827

design practices

Bona fide

0.0334

0.2667

0.900

- 0.4894, 0.5561

1.0340

Education*

0.9138

0.2491

0.000

0.4255, 1.4020

2.4936

Farm size*

- 0.0041

0.0020

0.038

- 0.0080, - 0.0002

1.0000

Gender

0.3347

0.3304

0.311

- 0.3128, 0.9822

1.3975

Income

- 0.4595

0.2482

0.064

- 0.9460, 0.0268

0.6315

Markets

0.0658

0.1328

0.620

- 0.1946, 0.3261

1.0681

Metropolitan

- 0.1093

0.2927

0.709

- 0.6831, 0.4644

0.8964

Perceived capacity

- 0.3207

0.2330

0.169

- 0.7774, 0.1361

0.7257

0.2074

0.2970

0.485

- 0.3747, 0.7896

1.2305

Perceived vulnerability
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variables

Models and dependent

Independent variables

β

SE

p

CI

IRR

Caguas

- 0.4416

0.3824

0.248

- 1.1911, 0.3078

0.6430

Mayagüez

- 0.0176

0.4950

0.972

- 0.9879, 0.9526

0.9825

Ponce

- 0.7175

0.4018

0.074

- 1.5045, 0.0704

0.4882

San Juan

- 0.3423

0.3415

0.316

- 1.0117, 0.3271

0.7101

Damages

0.4087

0.2540

0.108

- 0.0892, 0.9066

1.5048

Years farming

0.0087

0.0086

0.312

- 0.0082, 0.0256

1.0088

variables

Supplementary materials table 4: Farmers reported intended adoption of agricultural practices and management strategies after
Hurricane Maria. Practices and strategies are categorized; frequencies and reliability measures are shown.
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Region

Category

Practice or management

Intention to adapt [Frequency (percentage)]

n

alpha

strategy
Very

Unlikely

Neutral

Likely

unlikely
Acquire new insurance or

24 (8.2)

Very
likely

31 (10.4)

27 (9.1)

improve current

100

115

(33.7)

(38.7)

297

Market oriented

Acquire solar panels

40 (16.3)

35 (14.2)

17 (6.9)

75 (30.5)

79 (32.1)

246

and capital-

Apply more synthetic

67 (22.2)

83 (27.5)

47 (15.6

68 (22.5)

37 (12.3)

302

intensive growth

inputs

practices and

Expand agricultural land

36 (12.2)

52 (17.6)

25 (8.5)

99 (33.5)

84 (28.4)

296

strategies

Improve irrigation

22 (9.2)

27 (11.3)

39

68 (28.6)

82 (34.5)

238

71 (28.0)

58 (22.8)

254

0.6551

systems
Increase tillage
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insurance

(16.4)
33 (13.0)

49 (19.3)

43
(16.9)

Category

Practice or management

Intention to adapt [Frequency (percentage)]

n

alpha

strategy
Seek new agricultural

20 (6.9)

30 (10.3)

23 (7.9)

markets
Crop rotations

20 (8.6)

18 (7.7)

29

106

111

290

(36.6)

(38.3)

85 (36.3)

82 (35.0)

234

59 (25.9)

48 (21.1)

228

93 (37.9)

102

250

(12.4)
Decrease tillage

39 (17.1)

40 (17.5)

42

Ecological

Diversify crops

14 (5.6)

18 (7.2)

23 (9.2)

transition practices

(40.8)
Integrated pest

7 (3.1)

15 (6.7)

22 (9.8)

92 (40.9)

89 (39.6)

225

58 (21.8)

63 (23.7)

58

55 (20.7)

32 (12.0)

266

management
Switch from a perennial
to an annual crop

(21.8)
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(18.4)
0.6725

Category

Practice or management

Intention to adapt [Frequency (percentage)]

n

alpha

strategy
Switch from an annual to

47 (17.5)

69 (25.8)

a perennial crop
Collect rainwater for

57 (21.3)

43 (16.0)

268

78 (29.7)

75 (28.5)

286

71 (31.7)

86 (38.4)

224

72 (26.5)

86 (35.3)

244

76 (28.7)

97 (36.6)

265

82 (33.7)

87 (35.8)

243

(19.4)
42 (16.0)

39 (14.8)

irrigation
Contouring

52

29
(11.0)

17 (7.6)

24 (10.7)

26

Natural design

Plant native species

24 (9.8)

29 (11.9)

practices

33
(13.5)

Plant trees to reduce

23 (8.7)

33 (12.5)

erosion
Use compost

36
(13.6)

27 (11.1)

20 (8.2)

27
(11.1)
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(11.6)
0.8460

Category

Practice or management

Intention to adapt [Frequency (percentage)]

n

alpha

strategy
Use mulch

38 (17.8)

37 (17.3)

48

54 (25.2)

37 (17.3)
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Supplementary materials table 5: Full results of generalized linear regression models for farmers intended adoption. Estimates
(β), robust standard errors (SE), and 95% confidence intervals (CI) are shown.
Dependent variables

Independent variables

Model 5: Intended adoption of all practices

Contact scale
Agricultural production

β

SE

p

CI

0.0263

0.0304

0.386

- 0.0333, 0.0859

0.0356

0.0254

0.161

- 0.0142, 0.0855

Bona fide

- 0.1705

0.1080

0.115

- 0.3822, 0.0412

Education

- 0.0244

0.1124

0.828

- 0.2446, 0.1959

Farm size

- 0.0007

0.0005

0.174

- 0.0017, 0.0003
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(22.4)

Independent variables

β

SE

p

CI

Gender

0.0696

0.1749

0.691

- 0.2731, 0.4124

Income

0.0973

0.0905

0.282

- 0.0801, 0.2747

Markets

- 0.0244

0.0567

0.681

- 0.1346, 0.0879

Metropolitan

0.0146

0.1079

0.892

- 0.1969, 0.2260

Perceived capacity

0.2038

0.1200

0.089

- 0.0313, 0.4389

- 0.1054

0.1252

0.400

- 0.3507, 0.1399

Caguas

0.0712

0.2191

0.745

- 0.3583, 0.1399

Mayagüez

0.0622

0.2502

0.804

- 0.4282, 0.5527

Ponce

0.1679

0.2553

0.511

- 0.3325, 0.6683

- 0.0760

0.2508

0.762

- 0.5675, 0.4156

Damages

- 0.1870

0.1094

0.087

- 0.4015, 0.0274

Years farming

- 0.0015

0.0029

0.609

- 0.0071, 0.0041

Perceived vulnerability
Region

San Juan
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Dependent variables

Independent variables

Model 6: Intended adoption of market

Contact scale

oriented and capital-intensive growth

Agricultural production

practices and strategies

SE

p

CI

0.0198

0.0319

0.536

- 0.0428, 0.0824

0.0009

0.0281

0.975

- 0.0543, 0.0560

Bona fide

- 0.0036

0.1183

0.976

- 0.2354, 0.2282

Education

- 0.0948

0.1227

0.440

- 0.3353, 0.1457

Farm size

- 0.0011

0.0006

0.057

- 0.0023, 0.0000

Gender

0.1198

0.1636

0.464

- 0.2008, 0.4403

Income

0.1531

0.1066

0.151

- 0.0558, 0.3602

Markets

- 0.0122

0.0628

0.845

- 0.1353, 0.1108

Metropolitan

0.0796

0.1157

0.491

- 0.1471, 0.3064

Perceived capacity*

0.2343

0.1185

0.048

0.0020, 0.4670

- 0.1848

0.1320

0.161

- 0.4434, 0.0738

Caguas

0.0803

0.2685

0.765

- 0.4459, 0.6065

Mayagüez

0.0678

0.3104

0.827

- 0.5405, 0.6762

Perceived vulnerability

β

Region
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Dependent variables

Independent variables

β

SE

p

CI

Ponce

0.2680

0.3089

0.386

- 0.3376, 0.8735

San Juan

- 0.1237

0.3246

0.703

- 0.7599, 0.5125

Damages

- 0.0904

0.1201

0.452

- 0.3259, 0.1451

Years farming

- 0.0030

0.0038

0.428

- 0.0103, 0.0044

Model 7: Intended adoption of ecological

Contact scale

0.0370

0.0345

0.284

- 0.0306, 0.1045

transition practices

Agricultural production

0.0443

0.0292

0.130

- 0.0130, 0.1016

Bona fide*

- 0.3243

0.1314

0.014

- 0.5819, - 0.0667

Education

0.0412

0.1473

0.780

- 0.2476, 0.3299

Farm size

0.0002

0.0007

0.741

- 0.0011, 0.0015

Gender

0.1370

0.2285

0.549

- 0.3109, 0.5849

Income

- 0.0626

0.0942

0.506

- 0.2472, 0.1219

Markets

- 0.0476

0.0798

0.551

- 0.2041, 0.1088

Metropolitan

0.0370

0.1557

0.812

- 0.2681, 0.3422

Perceived capacity

0.2790

0.1523

0.067

- 0.0196, 0.5776
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Dependent variables

Dependent variables

Independent variables

β

SE

p

CI

Perceived vulnerability

- 0.1129

0.1381

0.414

- 0.3837, 0.1578

0.0456

0.2635

0.863

- 0.4708, 0.5620

- 0.0893

0.2952

0.762

- 0.6678, 0.6686

0.1123

0.2839

0.692

- 0.4441, 0.6686

- 0.2466

0.2462

0.317

- 0.7292, 0.2361

- 0.2143

0.1594

0.179

- 0.5261, 0.0982

Years farming

0.0034

0.0041

0.400

- 0.0046, 0.0114

Contact scale

0.0353

0.0353

0.315

- 0.0337, 0.1048

Agricultural production*

0.0902

0.0309

0.004

0.0296, 0.1508

Bona fide

- 0.2838

0.1464

0.053

- 0.5706, 0.0031

Education

0.1021

0.1369

0.456

- 0.1663, 0.3705

Farm size

- 0.0004

0.0009

0.649

- 0.0022, 0.0014

0.2922

0.1816

0.108

- 0.0638, 0.6481

Caguas
Mayagüez
Ponce
San Juan
Damages

Intended adoption of natural design practices

Gender
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Region

Dependent variables

Independent variables

β

SE

p

CI

Income

- 0.0853

0.1334

0.523

- 0.3468, 0.1763

Markets

- 0.0275

0.0785

0.726

- 0.1814, 0.1263

Metropolitan

0.0136

0.1568

0.931

- 0.2936, 0.3208

Perceived capacity

0.1559

0.1462

0.286

- 0.1306, 0.4424

- 0.1416

0.1780

0.426

- 0.4905, 0.2072

0.1149

0.3008

0.703

- 0.4747, 0.7045

Mayagüez

- 0.0382

0.3828

0.921

- 0.7885, 0.7121

Ponce

- 0.0297

0.3382

0.930

- 0.6926, 0.6332

San Juan

0.1040

0.3160

0.742

- 0.5154, 0.7234

Damages*

- 0.2663

0.1214

0.028

- 0.5042, - 0.0284

Years farming

- 0.0040

0.0042

0.339

- 0.0123, 0.0042

Perceived vulnerability

Caguas

* p < 0.05
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Region

